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INTRODUCTION 


Man  is  well  adapted  to  moving  about  in  the  terrestrial  world  in  which 
he  lives  The  visible  world  provides  relatively  constant  and  stable 
environmental  features  which  allow  him  to  maintain  his  orientation.  The 
unchanging  downward  force  of  gravity  provides  him  with  a stable  reference 
f jr  judging  ‘■.he  orientation  of  his  body  with  respect  to  ground. 

Specialized  sensor  oreans,  evolved  over  millions  of  years,  provide  him 
with  thr  internal  (i.e.,  phvsiological  and  anatomical)  and  the  external 
(l.e. , envirot  mental)  information  he  needs  for  spatially  oriented 
behavior.  When  man  encounters  unramiliar  combinations  of  sensory 
inforuation,  as  when  piloting  an  -'.Ircraft,  he  must  make  a new  adaptation 
to  a more  complex  enviro>vaent. 

In  piloting  tasks  the  visual  information  received  from  flight 
Instruments  and  from  the  outside  world,  and  the  sensatione  of  motion 
arising  from  proprioceptive’  sensory  mechanisms  provide  the  pilot  with 
the  Information  he  needs  to  perform  his  manual  control  activities.  It 
is  often  the  case,  however,  that  visual-proprioceptive  data  are  in 
conflict  and  result  in  what  Clark  and  Grayblel  (cited  In  Benson,  1965) 
termed  spatial  disorientation.  In  this  sivuatlon,  the  pilot  nay  fall  to 

’The  term  proprioception,  as  distinguished  tron  kinesthesia,  is  used 
to  refer  to  the  sensatlono  srising  from  receptors  of  the  nonauditory 
labyrinth  of  the  inner  ear  and  ftcsi  muscles,  tendons,  and  joints  (Adams, 
1968).  Kinesthesls  refers  to  sensations  of  movement  arising  from 
receptors  other  than  the  nonauditory  labyrinth. 


1 


2 


interpret  correctly  the  attitude  (i.e.,  positional  relationship  to 
gravity)  of  himself  and  his  aircraft  with  respect  to  the  ground. 
Conflicts  may  engeilder  confusions  or  illusions  that  appear  to  the  pilot 
to  be  as  compelling  as  veridical  perception.  In  either  case,  spatial 
disorientation  often  leads  to  inappropriate  manual  control  activities. 
When  a pilot  of  a high  performance  aircraft  accelerates  during  a night 
takeoff,  for  example,  he  may  have  the  false  sensation  of  being  tilted 
backward.  If  he  attempts  to  correct  for  this  sensation  by  moving  the 
control  stick  forward  (nose  down),  the  consequences  of  this  activity  may 
be  a serious  threat  to  safety  and  is  occasionally  tragic. 

The  sensory  data  most  often  Interpreted  to  be  in  conflict  with 
visual  ones  arise  from  the  receptors  of  the  nonauditory  labyrinth  of  the 
inner  ear  (i.e.,  the  vestibular  apparatus  consisting  of  the  semicircular 
canals  and  the  otolith  organs).  Any  change  in  the  rate  of  angular  or 
linear  motion  (i.e.,  i>ccelftratian  or  deceleration)  is  the  adequate 
stimulus  for  the  vestibular  apparatus  and  the  source  of  potential 
conflict.  When  flying  into  a cloud,  for  example,  a reduction  in  speed 
may  be  interpreted  by  the  pilot  as  a dive  even  though  his  Instruments 
inform  him  that  he  is  flying  level  to  the  ground.  Similarly,  subthresh** 
old  angular  accelerations  will  not  be  detected  by  the  pilot  and  may  lead 
him  to  think  that  he  is  flying  straight  and  level  even  Chough  his 
instruments  Indicate  chat  he  is  banking. 

To  avoid  Che  consequences  of  conflict,  training  programs  have 
stressed  ctiac  the  pilot  must  rely  on  visual  cues  provided  by  instrument 
displays  and  ignore  the  proprioceptive  cues  of  motion.  Although  these  . 
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training  procedures  have  been  useful,  they  have  not  eliminated  spatial 
disorientation. 

Purpose  and  Scope 

The  purpose  of  the  research  to  be  reported  herein  was  to  investi- 
gate operator  performance  in  an  environment  which  is  highly  conducive 
to  visual-proprioceptive  conflicts.  The  experimental  task  required  that 
subjects  maneuver  a simulated  remotely  piloted  vehicle  from  an  airborne 
control  station  (i.e. , a "mother  ship").  Since  the  visual  inputs 
received  from  the  vehicle  are  independent  of  the  motion  Inputs  from  the 
control  station  in  this  environment^  it  was  necessary  for  the  operators 
to  ignore  sensations  of  motion  in  order  to  maintain  adequate  performance. 
Research  has  shown,  however,  tlu\t  motion  cues  are  extremely  compelling 
and  are  not  easily  disregarded  even  by  seasoned  operators. 

A background  for  the  various  psychological  factors  pertinent  to 
spatial  orientation  is  presented  prior  to  a detailed  statement  of  the 
problems  investigated  in  this  research.  The  visual  factors  of  spatial 
orientation  are  presented  first  and  this  is  followed  with  a comparison 
of  visual  and  postural  (i.e. , gravitational)  factors,  the  effect  of 
notion  c(MDpatlbility  (i.e.,  control-display  relationships)  as  it  relates 
to  probleas  of  orientation  (and  disorientation)  is  discussed  next,  tills 
topic  has  been  the  subject  of  a considerable  amount  of  research  dealing 
with  the  various  types  of  aircraft  attitude  displays  and  their  potential 
effect  on  spatial  orientation.  Discussed  last  are  the  effects  of 
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motion  on  operator  training  and  performance,  a subject  of  current 
interest  and  controversy. 

Background 


« -i. 

! ■ 


Visual  Factors 

It  has  been  known  for  many  years  that  human  performance  improves 
when  stimuli  are  oriented  vertically  or  horizontally  rather  than 
obliquely.  Emsley  (1925)  first  noted  that  acuity  was  lowest  for  lines 
at  43^  and  attributed  the  effect  to  astigmatism.  Vfhen  corrective  lenses 
were  used,  however,  the  preference  for  vertical  and  horizontal  lines 
over  oblique  ones  continued.  Emsley  referred  to  this  phenomenon  as 
"residual  astigmatism"  and  explained  tliat  it  was  due  to  the  optical  lens 
the  retina  or  optic  nerve.  Howard  and  Templeton  (1966)  reviewed  the 
literature  and  proposed  several  classes  of  theoretical  explanations  for 
the  effect.  In  general,  these  authors  concluded  that  the  studies  wore 
unable  to  eliminate  astigmatism  as  a possible  cause. 

More  recently,  Appelle  (1972)  prepared  a comprehensive  review  of 
the  literature  on  the  phenomenon,  which  he  proceeded  to  coin  the 
"oblique  effect"  (this  term  will  be  used  throughout  this  discussion). 
According  to  Appelle,  the  earliest  account  of  the  oblique  effect  was 
reported  by  Jastrow  (1893)  who  found  that  man  could  makp  very  precise 
; idgments  of  visual  horizontals  and  verticals.  He  thought  chat  thia 
was  due  to  man's  common  experience  with  these  two  visual  orientations. 
The  preference  for  horizontals  and  verticals  over  the  oblique  appears 
in  many  organisms  other  than  aian.  Thus,  for  example,  Sutherland 


(1957,  1958)  found  that  octopuses  could  easily  discriminate  between 
horizontal  and  vertical  rectangles,  but  not  between  two  oblique  ones. 

Extensive  research  has  been  conducted  in  an  effort  to  locate  the 
origin  of  the  oblique  effect  by  means  of  behavioral,  anatomical  and 
neurophysiological  studies.  Attneave  and  Olson  (1967)  conducted  discrimi- 
nation reaction  time  studies  to  determine  whether  the  effect  was  due  to 
the  physical  orientation  of  the  stimulus  or  to  the  retinal  orientation. 
They  found  that  the  subjects  identified  horizontal  and  vertical  stimuli 
faster  than  oblique  ones  with  the  head  upright.  When  the  subjects 
observed  the  stimuli  with  the  head  tilted,  they  responded  faster  to  the 
physical  verticals  and  horizontals  (i. e. , the  retinal  obliques)  than  to 
the  physical  oblique  (l.e. , the  retinal  horizontal  and  vertical).  These 
investigators  concluded  that  the  origin  of  the  oblique  effect  must  be 
attributed  to  physical  (i.e. , environmental)  rather  tlian  to  retinal 
orientation  and  indicated  that  "the  perceptual  system  makes  allowance 
or  correction  for  head  position,  on  the  basis  of  proprioceptive  informa- 
tion, before  the  effect  occurs"  (p.  135).  Attneave  anti  Reid  (1968),  on 
the  other  hand,  concluded  that  the  critical  factor  was  the  invariance  of 
the  perceived  orientation  of  the  stimulus  rather  than  the  physical  or 
retinal  orientation.  In  their  experiment  they  were  able  to  change  the 
8ubject*s  frame  of  reference  by  means  of  Instructions  (e.g.,  "always 
think  of  the  top  of  your  head  as  up").  Ttms,  according  to  these  investi- 
gators, the  orientation  of  the  reference  system  in  man  is  under  voluntary 
and  proprioceptive  control. 
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Substantial  neurophysiological  evidence  is  accumulating  to  show 
that  the  locus  of  the  oblique  effect  is  central  rather  than  retinal. 
Microelectronic  studies  of  neural  functioning  (e.g. , H I 1 & Wiesel, 
1962)  have  shown  that  cortical  cells  of  cats  respond  m . Lmally  to  bars 
and  contours  of  particular  position  and  orientation.  More  appropriate 
to  the  present  issue,  Pettigrew,  Nikara,  and  Bishop  (1968)  found  a 
greater  proportion  of  cells  in  the  cat  that  were  selectively  sensitive 
to  visual  verticals  and  horisontals.  Maffei  and  Campbell  (1970)  simul- 
taneously recorded  evoked  potentials  and  electrorctinograms  from  the 
occipital  scalp  of  humans.  Maximum  naplltude  of  the  potentials  were 
evoked  by  vertical  and  horisontal  gratings  in  contrast  to  oblique  ones. 
No  such  inequality  was  found  in  the  electroretinogram  recordings.  The 
investigators  concluded  that  the  resolving  power  in  oblique  orientations 
was  less  than  in  the  vertical  and  horizontal  and  that  the  locus  of  the 
effect  was  soaewhore  between  ti)e  site  of  origin  of  the  electroretinogram 
and  the  evoked  potential  of  the  cortex.  Pinally,  Mansfield  (1974) 
examined  the  receptive  field  properties  of  neurons  in  the  striate  cortex 
of  rhesus  monkeys.  Neurons  sampled  from  the  foveal  projection  region 
responded  maximally  to  vertical  and  horizontal  stimuli,  but  relatively 
few  responded  to  stimuli  at  oblique  orientations,  this  effect,  however, 
was  diminished  with  distances  from  the  region  of  the  strlatt.  cortex 
cortospondlng  to  an  area  6*  to  8*  away  from  the  fovea.  In  a psycho- 
physical experiment  with  humans,  Mansfield  reported  that  the  acuity  for 
vertical  and  horizontal  stimuli  telav.ive  to  that  of  obliques  decreased 


with  retinal  eccentricity.  Thus,  Mansfle!d  suggested  "the  hypothesis 
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that  the  orientation  effect  in  man  is  the  result  of  a predominance  of 
cortical  neurons  with  receptive  fields  optimally  sensitive  to  horizontal 
and  vertical  stimuli'*  (p.  1134). 

Whether  the  oblique  effect  can  be  attributed  to  prenatal  develop- 
ment or  to  early  experience  with  the  environment  has  been  the  subject  of 
considerable  Interest  and  controversy.  One  Interpretation  holds  that 
orientation  specificity  is  a product  of  ei^erience;  the  responsiveness 
of  neural  units  to  vertical  and  horizontal  contours  is  said  to  be  due  to 
the  predominance  of  lines  in  these  two  orientations  in  the  carpentered 
environment  in  which  man  lives.  Evidence  for  this  supposition  has  been 
reported  recently  by  several  investigators.  Annls  and  Frost  (1973), 
for  example,  noted  that  the  Cree  lndl/u<is  c£  Canada  are  reared  in  an 
environment  containing  a heterogeneous  array  of  contours,  Including 
obliques.  When  the  visual  acuity  of  these  Indians  was  compared  to  that 
of  a group  of  Euro-Canadians,  it  was  found  that  the  Indians  failed  to 
reveal  the  oblique  effect;  whereas  the  Euro-Canadians  did.  Timney  and 
Muir  (1976),  on  the  other  hand,  found  no  difference  between  Caucasians 
reared  in  a carpentered  environment  and  Chinese  subjects  who  had  lived 
in  Hong  Kong  during  their  youth. 

Evidence  to  show  that  early  visual  experience  can  have  neuro- 
physiological consequences  has  been  sought  by  many  invcatigators. 

Hubei  and  Wlesel  (1963)  found  that  the  characteristics  of  cells  in 
the  visual  cortex  of  kittena  a few  daya  old  to  patterned  stimuli  were 
similar  to  those  of  adult  cats.  Since  the  kittena  had  not  been  exposed 
to  patterned  atimuli  the  results  tended  to  suggest  chat  visual 
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capabilities  develop  early  in  life.  When  an  animal's  early  visual 
experience  is  restricted,  however,  the  preferred  orientation  of  neurons 
to  various  stimulus  orientations  1s  altered.  Hirsch  and  Spinelli  (1970) 
found  that  CHts  raised  from  birth  with  one  eye  viewing  horizontal  lines 
and  other  vertical  lines,  had  neurons  with  receptive  fields  that  responded 
to  only  these  two  orientations.  No  oblique  fields  were  found,  and  units 
with  horizontal  or  vertical  fields  responded  only  when  the  appropriate 
eye  was  exposed  to  horizontal  or  vertical  lines.  In  contrast,  Stryker 
and  Sherk  (1975)  used  a different  experimental  procedure  and  found  that' 
kittens  exposed  to  oriented  stripes  early  in  life  and  then  placed  in 
darkness  did  not  show  orientation  specificity.  Finally,  Leventhal  and 
Hirsch  (1975)  fotmd  that  exposing  young  cats  to  horizontal  and  vertical 
lines  only,  resulted  In  profound  modifications  in  the  distribution  of 
neural  units  with  orientation  preferences  as  found  by  Hirsch  and 
Spinelli.  ‘The  cortical  cells  of  cats  exposed  to  diagonals  only  did  not 
ahov  a corresponding  modification  of  orientation  preferences.  Most  of 
these  cells  responded  to  horizontal  and  vertical  lines  and  the  remaining 
cells  responded  preferentially  to  diagonals  and  were  activated  only  by 
the  eye  which  had  been  exposed  to  the  diagonals.  These  cells  were  not 
influenced  by  early  experience  vith  the  environment,  while  those  that 
responsed  preferentially  to  diagonal  lines  were,  the  investigators 
suggested  that  cells  with  diagonal  preferences  may  have  been  recruited 
from  neurons  initially  uncommitted  and  that  orientation  specificity 
depended  on  early  experience  with  the  environment. 
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As  noted  from  the  studies  cited  above,  there  Is  no  compelling 
evidence  to  support  either  hypothesis.  Recent  reviews  on  the  topic 
(Grobstein  & Chow,  1975;  Kolata,  1975}  have  reached  the  same  conclusion, 
namely,  that  critical  information  is  still  lacking  and  the  question  of 
which  hypothesis  Is  correct  is  still  the  subject  of  debate.  Grobstein 
and  Chow  suggested  that  there  may  be  ''some  genetically  determined  range 
of  possible  orientation  specificities  for  an  individual  neuron  within 
which  the  actual  orientation  specificity  is  realized  by  experience" 

(p.  356).  Furthermore,  these  investigators  stated:  "Perhaps  it  is  some 

more  subtle  role,  such  as  aligning  some  fund^ental  retinal  axes,  against 
which  orientation  selectivities  are  defined,  with  body  axes  or  some  other 
axes  relevant  to  motor  control"  <p«  357).  While  the  possible  association 
oi  early  physiological  development  of  orientation  specif icit'  with  body 
axes  is  not  known,  there  are  many  behavioral  studies  ci:at  have  attempted 
to  determine  the  relative  contribution  of  visual  and  postural  factors  on 
nan's  ability  to  orient  himself  in  the  environment. 

yisual  Versus  Postural  Factors 

It  is  well  known  that  gravity  is  a significant  Ceacure  of  the 
environment  to  which  an  organism  orients  itself.  Vestibular  and 
kinesthetic  stimuli  arising  from  the  forces  of  gravity  provide  man  with 
extremely  compelling  postural  cues.  When  blindfolded  subjects  are 
seated  in  a tilting  chair,  for  eotample,  they  arc  capable  of  restoring 
their  position  to  the  true  vortical  with  considerable  accuracy  even  in 
the  absence  of  either  vestibular  or  cutaneous  cues.  As  revealed  in  the 
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preceding  paragraphs,  however,  gravity  Is  not  the  only  determinant  of 
orientation. 

The  relative  contribution  of  visual  and  gravitational  factors  has 

been  the  subject  of  controversy  for  many  years.  The  dispute  can  be 

traced  to  views  presented  by  Koffka  (1935).  According  to  Koffka,  the 

directions  of  the  apparent  horizontal  and  vertical  are  determined  by 

the  visual  field  of  view.  In  support  of  his  theory,  he  noted  that  the 

vertical  and  horizontal  are  affected  by  the  visual  surroundings.  He 

described  an  experience  he  had  while  traveling  up  a mountain  in  a train. 

When  he  used  the  window  as  a frame  of  reference,  the  trees  appeared  to 

be  growing  at  an  angle  to  gravity,  but  with  his  liead  out  of  the  window 

« 

the  trees  looked  vertical.  When  he  withdrew  his  head  from  the  window 
the  trees  continued  to  appear  vertical,  but  the  window  frame  appeared 
tilted.  According  to  Koffka,  the  visual  field  creates  its  own  frame** 
work;  objects  are  seen  to  be  upright  by  virtue  of  this  framework, 
Koffka’s  formulation  of  this  view  was  based  on  an  experiment  reported 
earlier  by  Wertheimer  (1912).  Xti  that  experlmeni,  Wertheimer  observed 
that  when  a subject  looked  into  a tilted  mirror  which  displaced  the 
image  of  the  room  in  which  he  was  standing,  the  room  came  gradually  to 
look  upright. 

Gibson  and  Howrcr  (1938)  proposed  a fundamentally  different 
empltasis  from  that  suggested  by  Koffka  on  the  relative  contribution  of 
visual  and  postural  factors  to  orientation,  these  investigators 
acknowledged  the  importance  of  vision  but  concluded  that  orientation 
in  space  is  anchored  primarily  to  postural  factors.  In  cases  of 
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conflict,  postural  factors  dominate  and  were  thought  to  be  genetically 
primary.  Disorientation  reported  by  aircraft  pilots,  according  to 
Gibson  and  Mowrer,  simply  demonstrated  that  vision  contributed  to 
orientation,  but  did  not  necessarily  dominate. 

Asch  and  Witkln  (1948a)  repeated  the  tilting  mirror  experiment 
reported  by  Wertheimer,  but  had  subjects  judge  when  a pivoted  rod  was 
set  parallel  to  the  body  of  the  subject.  The  experiment  was  conducted 
with  and  without  a reduction  tube.  Without  the  tube,  deviations  from 
the  true  vertical  were  smaller  than  with  the  tube.  In  other  ex'^eriments 
Asch  and  Witkln  (1948b)  used  a tilting  room  rather  than  a mirror.  The 
subjects  sat  in  a chair  that  could  be  tilted  independently  of  the  room. 
Subjects  judged  when  a rod  was  vertical  or  horlrontal  to  the  room  walls 
under  various  conditions  (e.g.,  with  and  without  a reduction  tube,  with 
both  the  room  and  chair  tilted  in  the  same  or  opposite  directiojis). 
rinally,  Witkln  and  Asch  (1948)  weed  a rod  placed  within  a s<juare  frame 
and  nothing  else  in  view,  two  frame  positions  (left  and  right  in  the 
•ubject’s  frontal  plane)  and  two  body  positions  (upright  *nd  18*  left) 
were  used.  The  results  of  all  these  experiments  revealed  that  the  visual 
framework  affected  the  subject's  judgments  more  than  tilting  the  chair. 
Witkln  concluded  tbrt  vUual  factors  were  more  important  than  postural 

ones  in  Judgments  of  vertlcallty. 

In  contrast  to  Witkln,  goring  (cited  in  Howard  4 Templeton  1966) 
teporced  an  experiment  in  which  subjects  set  a rod  to  the  vertical. 

Using  a frame  that  when  tilted  went  beyond  the  rod,  goring  found  that 
there  was  no  difference  in  either  the  constant  error  or  the  average 
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error  between  two  conditions:  when  the  frame  and  body  were  tilted  to 
the  same  side  and  when  tilted  to  opposite  sides.  Boring  concluded  that 
the  visual  frame  had  no  effect  on  judgments  of  verticality.  Mann  (1952) 
suggested  that  it  was  necessary  to  supplement  Boring's  experiment  by 
increasing  the  strength  (i.e. , si?.e)  of  the  visual  stimulus  to  the  point 
where  the  subject  identified  himself  with  the  visual  framework.  Like 
Witkin  he  used  the  tilting  chair  and  room  test  (rather  than  the  smaller 
rod  and  frame  used  by  Boring)  and  like  Boring  he  had  the  subjects 
themselves  adjust  the  rod  to  the  gravitational  vertical.  The  room  and 
chair  were  set  up  to  30“  left  and/or  right.  In  support  of  Gibson  and 
Mowrer,  Mann  found  that  tilting  the  chair  alone  had  little  effect  on  the 
apparent  vertical.  In  agreement  with  Witkin,  however,  he  found  the 
gj-eatest  error  in  the  condition  in  which  the  room  and  chair  were  tilted 
in  the  .opposite  direction.  When  the  visual  e-timulus  in  this  situation  is 
increased  in  size  to  the  point  where  subject  identifies  himself  with 
the  visual  framework,  the  resultant  is  a conflict  between  visual  and 
gravitational  stimuli.  Mann  concluded  that  Gibson's  hypothesis  needed  a 
qualifying  statement  to  the  effect  that  proprioceptive  stimulus  variables 
dominate  until  the  visual  vari  Bibles  arc  cufficlently  effective  to  produce 
conflict.  Under  conditions  of  conflict  a compromise  judgment  is  made. 

The  contradictory  results  summarized  in  the  preceding  paragraphs 
led  Gibson  (1952,1966)  to  modify  his  view.  He  maintained  that  the 
perceived  vertical  is  determined  by  both  visual  and  postural  factors. 

He  stated: 

To  each  degree  of  variation  in  retinal  stimulation  there  is 

a corresponding  degree  of  variation  in  kinesthetic  stimulation; 
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the  two  are  coupled  together  ...  In  the  case  of  reciprocal 
visual-proprioceptive  stimulation,  the  coupled  variables 
combine  to  form  an  invariant  resultant  which  is  in  correspondence 
with  the  objective  direction  of  gravity  and  which  provides 
the  stimulus  for  a unlvocal  impression  of  the  vertical  . . . 

In  the  case  of  a discrepant  vinual-proprioceptive  stimulation, 
the  coupled  variables  do  not  yield  an  invariant.  (Gibson,  19'52, 
p.  373) 

Wlien  visual  and  postural  determinants  of  vertleality  do  not  agree 
(i.e. , are  in  conflict),  perception  of  body  posture  becomes  equivocal 
and  disorientation  may  occur.  To  resolve  these  conflicts,  according  to 
Gibson  (1966),  man  "must  accept  the  visual  Information  and  reject  the 
postural,  or  accept  the  postural  information  and  reject  the  visual,  or 
alternate  between  the  two,  or  compromise  between  the  two"  (p,  297). 

Thus,  when  subjected  to  an  environment  that  tends  to  produce  conflicts, 
man  must  find  and  learn  to  use  cues  which  provide  him  with  an  adequate 
frame  of  reference  of  position  orientation  and  disregard  those  that  do 
not. 

In  a general  review  of  his  studies  on  the  perception  of  the  upright, 
Vitkin  (1959)  concluded  that  the  question  of  which  of  the  two  standards 
(visual  vs.  postural)  utilized  is  more  important  was  unanswerable. 
Encountered  In  most  of  the  experiments  were  marked  Individual  differences. 
Vitkin  stated  that  subjects  **who  in  the  rod-and-frame  test  were  able  to 
adjust  the  rod  close  to  the  true  upright  by  reference  to  body  position 
were  also  able  to  make  their  bodies  straight  in  the  tllting-room-tilting- 
chalr  test.  Others,  consistently  guided  by  the  visusl  framework,  tended 
to  align  the  rod  with  the  tilted  frame  and  their  own  bodi<»s  with  the 
tilted  room"  (p*  S2).  Also,  it  had  been  determined  earlier  (Mann  & 
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Boring,  1953)  that  the  instructions  to  subjects  can  have  a profound 
effect  on  the  perception  of  verticality  in  these  experiments.  They 
compared  naive  subjects  with  sophisticated  subjects  who  had  been  told 
to  set  the  rod  to  the  gravitational  vertical.  The  naive  subjects 
produced  larger  constant  and  average  errors.  Finally,  Weiner  (1955) 
manipulated  training  variables  and  found  that  subjects  "learned  to 
perceptually  reorganize  the  potency  given  postural  and  visual  cues" 

(p.  372). 

Motion  Compatibility 

The  visual  and  postural  factors  discussed  in  the  preceding  para- 
graphs  were  concerned  with  problems  of  orientation  when  the  subject  was 
in  a stationary  position.  The  problem  of  orientation  becomes  immensely 
more  difficult  when  the  subject  is  asked  to  perform  in  an  environment 
that  provides  movement  in  space. 

Man  is  well  adapted  to  use  visual  and  gravitational  information 
within  the  general  framework  of  terrestrial  living.  In  a flight  situation, 
however,  the  pilot  of  an  aircraft  la  subjected  to  linear  and  angular 
accelerations  chat  may  be  insufficient  to  stimulate  vestibular  receptors. 
This  situation  may  result  in  the  pilot's  failure  to  appreciate  correctly 
the  position,  or  changes  in  position  of  himself  as  well  as  his  bircraft, 
with  respect  to  earth.  As  noted  earlier,  visual  cues  become  important 
as  they  provi'I^  a means  to  maintain  orientation. 

There  are  two  major  sources  from  which  a pilot  obtains  visual 
information  relevant  to  orientation:  attitude  instruments  and  the 
external  acene  aa  viewed  through  the  windshield.  It  is  well  known  that 
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orientation  in  flight  is  more  easily  achieved  under  visual  ground 
contact  conditions  than  under  instrument  flight.  The  former  provides 
changing  patterns  of  scenes  that  can  be  Integrated  with  the  vestibular 
and  kinesthetic  receptors.  The  instruments,  however,  bear  little 
resemblance  to  the  external  scene  and  the  perceptual  cues  for  orienta- 
tion must  be  learned  through  adequate  training  procedures.  Failure  to 
interpret  the  Instrinnents  correctly  may  lead  the  pilot  to  misinterpret 
his  position  in  space  and  result  in  spatial  disorientation. 

The  physiological  origins  of  spatial  orientation,  and  disorienta- 
tion, have  been  Investigated  for  many  years.  A discussion  on  this  topic, 
however,  is  well  beyond  the  scope  of  the  present  review.  Excellent 
surveys  have  been  prepared  by  Benson  (1965),  Clark  (1963),  Clark  (1970), 
Graybiel  (1973),  Howard  and  Templeton  (1966),  and  Peters  (1969).  The 
discussion  which  follows  will  be  limited  to  behavioral  Investigations  on 
the  ways  in  which  notion  compatibility  affects  a pilot’s  capability  to 
orient  himself  in  flight. 

Motion  compatibility  refers  to  the  direction  of  motion  that  a 
display  element  appears  to  move  in  association  with  the  movement  of  a 
control.  The  relationship  between  a control  movement  and  its  effect, 
which  is  expected  by  most  individuals,  was  referred  to  as  the 
’’population  stereotype"  by  Fitts  (1951).  A control-display  relation- 
ship which  conforms  to  ttiis  stereotype  is  said  to  be  ’’compatible’’ 

(Fitts  & Seeger.  1953).  A comprehensive  review  of  the  research 
conducted  on  the  directional  relationships  of  various  controls  and 
dlsplaya  other  than  aircraft  attitude  indicators  was  prepared  by 
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Loveless  (1962).  The  primary  Interest  in  the  present  discussion  is 
that  of  motion  compatibility  problems  associated  with  aircraft  attitude 
displays  and  their  relationships  to  spatial  orientation. 

The  most  commonly  used  instrument  to  provide  aircraft  attitude 
information  is  the  artificial  horizon  display  (or  moving  horizon 
display).  Since  this  display  presents  a serious  relative  motion  problem, 
it  may  be  also  stated  that  it  has  received  the  greatest  amount  of 
systematic  study.  This  instrument  contains  a gyro-stabilized  bar  that 
remains  fixed  relative  to  the  position  of  the  earth's  horizon.  While 
the  horizon  bar  should  result  in  a stationary  reference  framework,  it 
actually  is  perceived  as  moving  with  respect  to  the  outer  frame  of  the 
display  (i.e. , the  instrument  panel).  What  is  perceived  as  a moving 
element  in  this  display  may  appear  to  move  in  the  wrong  way  to  the 
untrained  observer  and  create  serious  problems  of  motion  compatibility. 
Even  the  highly  trained  pilot  may  perceive  the  stationary  frame  of 
reference  as  moving  during  moments  of  stress.  In  this  type  of  situation, 
the  pilot  may  revert  to  a more  natural  mode  of  responding  (the  population 
stereotype)  and  move  the  control  in  the  wrong  direction,  thus  executing 
a reversal  error. 

Perhaps  the  earliest  systematic  investigation  of  pilot  errors  was 
reported  by  Fitts  and  Jones  (1947).  To  determine  the  best  method  for 
designing  aircraft  instruments  to  improve  pilot  performance  and  reduce 
accidents,  these  investigators  collected  and  analyzed  accounts  of  270 
errors  made  by  pilots.  Of  these,  19  were  reversal  errors  resulting 
from  misinterpreting  the  direction  of  bank  frc«  artificial  horizon 
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displays.  The  result  of  such  errors,  of  course,  Is  to  Increase 
the  amount  of  bank  error  already  present.  While  19  errors  appear  to 
be  relatively  few  the  consequences  resulting  from  one  could  be 
tragic. 

The  problem  of  motion  compatibility  may  be  restated  in  terms  of 
what  the  pilot  regards  as  a frame  of  reference;  The  operator  may 
consider  his  vehicle  the  frame  of  reference  and  the  external  world  as 
moving  about  the  vehicle  (an  inside-out  frame  of  reference).  This  frame 
of  reference  is  represented  by  displays  that  show  fixed  external 
references  as  moving,  such  as  the  artificial  horizon  display.  On  the 
other  hand,  the  operator  may  consider  the  external  world  as  the  frame 
of  reference  and  the  vehicle  as  moving  against  the  world  (outside- In 
frame  of  reference).  This  type  of  frame  of  reference  may  bo  represented 
by  a display  that  shows  a miniature  moving  aircraft  against  a horizon 
that  is  fixed  with  respect  to  the  instrument  panel.  Whichever  type  of 
display  is  used,  however,  it  is  always  Important  that  the  pilot's  fr^oe 
of  reference  be  one  in  which  ho  considers  his  aircraft  as  moving; 
otherwise  he  may  become  disoriented  and  make  reversal  errors. 

The  relative  merit  of  artificial  horizon  and  moving  airplane 
displays  has  been  the  subject  of  many  systematic  investigations,  most 
of  which  have  favored  the  latter  display  (Kelley,  1968;  Kelley,  de  Groot, 
& Bowen,  1961).  Recently,  Johnson  and  Roscoe  (1972)  prepared  a review 
of  the  literature,  appropriately  titled  "What  moves,  the  airplane  or 
the  world?"  and  stated  the  following:  "Despite  the  extensive  experi- 

mental evidence  favoring  the  moving-airplane  presentation,  the  issue 
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is  not  settled  after  nearly  half  a century  of  controversy.  The  validity 
of  results  from  ground-based  simulator  experiments  has  not  been 
established  for  questions  in  which  the  physical  acceleration  cues  are 
believed  to  be  Important,  and  the  results  of  flight  experiments  are 
inconclusive"  (p.  112). 

A basic  problem  with  conventional  artificial  horizon  displays  is 
that ‘the  pilot  population  has  overleamed  their  use.  While  other  types 
of  displays,  such  as  the  outside-ln  moving  airplane  display,  have 
resulted  in  superior  performance  by  non-pilots,  pilots  may  revert  back 
to  old  habits  under  stressful  situations.  Thus,  it  can  be  safely 
asserted  that  any  display  utilizing  motion  relationships  which  ate 
compatible  with  the  operator's  response  tendencies  result  in  a reduction 
of  reversal  errors  at  any  level  of  experience. 

Attempts  have  been  made  to  develop  displays  that  represent  a 
compromise  between  the  artificial  horizon  and  the  moving  airplane 
displays,  the  kinelog,  developed  by  Fogel  (1959),  is  an  example.  This 
display  is  based  on  the  known  fact  that  pilots  do  not  have  problexos  with 
conventional  horizon  displays  while  perfortaing  routine  maneuvers. 

Control  reversals  usually  result  from  responses  associated  with  changel 
in  attitude  due  to  air  gusts  or  by  changes  that  are  unnoticed  by  the 
pilot  for  brief  periods.  Accordingly,  the  klnelog  display  was  developed 
to  present  both  an  artificial  horl*“^*'^and  a moving  airplane.  When  the 
aircraft  deviates  from  level  flight  In  pitch  or  roll,  the  display  first 
shows  changes  in  the  moving  airplane  symbol  (outside-in)  and  then 
gradually  shifts  to  the  artificial  horizon  (Inside-out)  configuration. 
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A similar,  but  simpler  display  was  proposed  by  Roscoe  (1968)  and 
described  by  Jacobs,  Wllllges,  and  Roscoe  (1973).  This  display,  which 
is  based  on  the  frequency  separation  principle,  retained  the  artificial 
horizon,  but  presented  the  aileron  position  (an  approximation  of  roll 
rate)  on  the  airplane  symbol.  An  aileron  deflection  provides  immediate 
(and  therefore  predictive  Information  on  bank  attitude  changes)  rotation 
of  the  symbol  in  a direction  compatible  with  the  control.  Thus,  it  was 
claimed  that  this  display  was  compatible  with  the  expectations  of  non- 
pilots  and  also  provided  cues  to  which  experienced  pilots  had  become 
accustomed. 

One  qu  stion  remains:  Vlhy  are  artificial  horizon  displays  still 
used)  Since  pilots  do  not  seem  to  l«ivo  problems  with  routine  contact 
flight,  it  has  been  assumed  that  the  displays  should  be  an  analog  of 
what  they  see  through  an  aircraft  windshield.  Problems  occur,  however, 
when  the  pilot  shifts  his  attention  from  the  terrain  as  seen  through  the 
windshield  to  the  artificial  horizon  display.  Grether  (19A7)  suggested 
that  the  cause  of  such  probl&as  is  due  to  a shift  of  what  is  considered 
figure  and  ground.  In  normal  flight  the  horizon  is  considered  by  the 
pilot  to  be  a stable  frame  of  reference  (or  ground)  against  which  his 
aircraft  moves.  When  chc  pilot  shifts  his  attention  to  the  artificial 
horizon  display,  however,  the  aircraft  cockpit  becomes  the  stable 
reference  (or  ground)  and  the  horizon  bar  is  perceived  as  moving  and 
reacted  to  as  figure.  Accordingly,  Grether  concluded  that  the 
artificial  horizon  bar  could  not  be  substituted  for  the  true  horizon. 

It  has  been  suggested  that  this  problem  could  be  due  to  the  relatively 
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small  size  of  the  attitude  display  relative  to  the  scene  as' viewed 
through  the  windshield.  Kelley,  et  al.  (1961)  tested  this  possibility 
by  constructing  a horizon  display  that  subtended  67**  of  visual  angle. 

The  experimental  results  showed  that  the'  display  size  was  not  enough  to 
prevent  the  subjects  from  making  inappropriate  responses.  Kelley  (1968) 
concluded  that  "when  the  visual  display  cannot  be  made  as  large  and 
compelling  as  the  pilot's  view  through  the  canopy  or  say.  Cinerama,  then 
motion  compatibility  problems  arise,  and  serious  consideration  should  be 
given  to  alternative  means  for  presenting  the  required  information" 

(pp.  98-99).  Although  alternative  avenues  are  being  investigated,  the 
problem  of  motion  compatibility  is  yet  to  be  resolved. 

Effects  of  Motion  on  Operator  Performance 
and  Training 

The  preceding  review  has  shown  that  the  task  of  an  aircraft  pilot 
demands  that  all  his  sensory  and  t&otor  capacities  be  brought  to  bear  on 
the  problem  of  adapting  to  bis  environment.  While  both  visual  and 
proprioceptive  inputs  are  important,  ordinarily  the  former  yields 
sufficient  information  to  allow  the  pilot  to  maneuver  His  aircraft.  In 
fact,  traditional  formal  pilot  training  programs  have  operated  on  the 
philosophy  that  proprioceptive  cues  be  ignored  and  that  pilots  learn  to 
rely  entirely  on  their  instruments  to  overcome  false  sensations.  This 
philosophy  led  to  the  design  and  development  of  fixed-based  simulators 
for  trainir.ig.  In  a review  of  the  benefits  of  motion  in  training 
simulators,  Cohen  (1970)  emphasized  tiiat  motion  is  an  important  source 
of  iaformation  to  pilots.  According  to  Cohen  motion  results  in 
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(1)  shorter  reaction  times,  (2)  compelling  cues  that  require  less 
attention  than  visual  ones,  and  (3)  decreased  lag  In  comparison  to 
Instruments. 

Other  factors  Important  to  the  issues  of  simulation  in  general  and 
to  Issues  of  motion  in  particular  were  empljaslsed  in  a recent  review 
reported  by  Williges,  Roscoe,  and  Williges  (1973).  One  factor  deals 
with  the  degree  of  simulation.  Of  concern  here  is  whether  the  simulator 
should  contain  most  major  features  of  the  actual  aircraft,  including 
motion,  extracockpit  visual  cues,  etc.  The  second  factor  deals  with  the 
fidelity  of  simulation.  Assuming  that  certain  features  of  the  aircraft 
are  to  be  simulated  in  the  trainer,  it  is  important  to  determine  the 
accuracy  with  which  these  features  must  duplicate  the  real  aircraft. 

High  fidelity  is  usually  emphasized  to  insure  maximum  transfer  of  training 
from  the  simulator  to  the  aircraft. 

The  present  discussion  is  primarily  concerned  with  the  use  of 
motion  as  a means  to  enhance  realism  and  with  certain  aspects  of  motion 
that  ap()ear  to  be  Important  to  training.  It  must  be  pointed  out, 
however,  that  it  is  not  possible  to  simulate  faithfully  all  motion 
functions  of  an  aircraft.  An  aircraft  moves  in  six  degrees  of  freedom, 
three  of  which  are  translational  (longitudinal.,  lateral,  and  vertical) 
and  the  other  three  angular  (pitch,  roll,  and  yaw).  Cohen  (1970) 
stated:  **To  produce  the  sensation  of  milea  of  aircraft  motion  with  a 

few  feet  of  simulator  motion  requires  consideration  of  various  aspects 
of  human  sensitivity  to  motion"  (p.  75).  Furthermore,  Cohen  emphasized 
that  it  is  essential  chat  research  be  conducted  to  determine  what  kinds 
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and  what  degrees  of  motion  are  essential  to  training  and  Williges,  et  al. 
(1973)  concluded  that  "An  initial  effect  in  this  regard  might  be  to 
determine  what  aspects  of  motion  a pilot  can  perceive  and  how  accelera- 
tion thresholas  vary  under  stress.  Obviously,  if  certain  types  of 
motion  cues  cannot  be  perceived  by  the  human  operator,  providing  them 
is,  at  best  wasteful"  (pp.  550-551). 

In  the  past  two  decades  there  have  been  few  systematic  attempts  to 
investigate  the  advantages  and  disadvantages  of  motion-based  training 
simulators.  Most  of  these  studies  have  compared  human  performance  under 
motion  and  no  motion  conditions,  but  few  report  criterion  measures 
gathered  from  actual  flight. 

Experimental  evidence  that  performance  improves  when  motion  cues 
are  present  was  reported  by  Douvllller,  Turner,  McLean,  and  Kelnle 
(1960).  They  compared  performance  in  a tracking  task  under  actual 
flight,  a motionless  simulator,  and  a simulator  free  to  move  in  pitch 
and  roll.  They  found  that  "the  results  from  the  moving  flight  simulator 
resen^led  the  results  from  flight  much  more  than  did  those  frrm  the 
motionless  simulator"  (p.  1).  In  a discussion  of  this  and  other  studies, 
Rathert,  Creer,  and  Douvillier  (1959)  and  Rathert,  Greet,  and  Sadoff 
(1961)  stated  that  motion  cues  are  particularly  desirable  in  simulators 
for  systems  v£th  sensitive  response  to  control  movements.  They  also 
concluded  that  motion  helps  by  facilitating  anticipatory  responses  (i.e., 
necessary  lead  compensation)  in  systems  that  are  unstable  or  have  sluggish 
controls.  Similsr  conclusions  were  reached  more  recently  by  Young  (1967) 
and  Shirley  and  Young  (1968).  Supposedly,  proprioceptive  cues,  added  to 
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the  visual  ones,  provide  the  operator  with  Information  he  can  use  to 
supply  lead  compensation  in  systems  that  are  marginally  stable  or 
unstable.  Easily  controlled  systems  may  not  require  these  motion  cues. 

There  have  been  several  studies  that  Investigated  the  effect  of 
motion  in  training.  Fedderson  (1961)  compared  motion  and  no  motion 
groups  of  unskilled  subjects  in  a helicopter  simulator.  The  motion 
group  learned  more  quickly  than  the  no  motion  group.  When  the  motion 
group  was  transferred  to  no  motion,  and  the  no  motion  group  to  motion, 
the  performance  of  the  groups  reversed.  Furthermore,  the  motion  group 
never  returned  to  the  performance  reached  prior  to  transfer.  Similar 
results  were  reported  by  Ruocco,  Vitale,  and  Benfari  (1965)  in  a study 
that  compared  the  performance  of  pilots  in  a simulated  carrier  landing 
task  under  motion  and  no  motion  conditions.  In  addition  to  improving 
performance  significantly,  these  investigators  concluded  that  under 
emergency  situations  (e.g.,  failure  of  the  pitch  stabilization  system 
in  which  the  subject  was  instructed  to  switch  the  system  to  off)  motion 
served  to  increase  the  alertness  of  the  pilot,  but  did  not  serve  as  a 
source  of  Information  on  the  vehicle  dynamics.  Finally,  Borlace  (1967) 
concluded  that  the  performance  of  pilots  with  teotion  cues  present  is 
closer  to  their  performance  in  actual  flight  because  habit  or  expectancy 
patterns  are  similar.  Borlace  qualified  his  recoastendations  for  the 
use  of  motion  in  training  simulators  by  stating  that  the  training  task 
must  be  analyzed  so  that  the  design  of  the  motion  simulator  be  suited  to 


these  tasks. 
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As  can  be  inferred  from  previous  discussions,  the  effect  of  motion 
and  no  motion  on  performance  depends  on  the  frame  of  reference  adapted 
by  the  pilot.  Matheny,  Dougherty,  and  Willis  (1963)  compared  artificial 
horizon  and  moving  airplane  attitude  displays  with  and  without  motion. 
Motion  was  found  to  be  an  extremely  relevant  variable  to  evaluate 
displays.  Without  motion,  performance  was  superior  with  the  moving 
airplane  display,  but  the  difference  disappeared  when  motion  was 
introduced  to  the  simulator.  In  addition,  it  was  found  that  reaction 
times  to  accelerations  were  shorter  with  titan  without  motion.  When 
acceleration  exceeded  20  degrees  per  second  squared,  the  difference  in 
reaction  time  increased.  It  was  claimed  tltat  at  higher  levels  of 
acceleration.,  the  kinesthetic  senses  received  information  in  advance  of 
that  received  from  the  visual  sense  (i. e. , motion  served  as  an  alerting 
cue).  Purtiiermore,  it  was  fouttd  tliat  response  times  fcr  making  Judgments 
of  direction  of  acceleration  were  shorter  with  than  without  motion. 
Accordingly,  motion  in  this  experiment  served  a more  useful  role  than 
merely  an  alerting  cue. 

In  any  discussion  of  the  relationships  between  motion  and  the 
various  types  of  visual  displays,  it  would  be  remiss  not  to  mention  the 
work  conducted  by  Roscoo  and  his  colleagues  at  the  Aviation  Research 
Laboratory  of  the  University  of  Illinois,  ^!ost  of  the -studies  compared 
the  order  of  merit  among  four  displays  (artificial  horixon,  tmovlng 
airplane,  klnelog,  and  frequency  separated).  Jacobs,  et  al.  (1973) 
confirmed  other  studies  by  demonstrating  that  motion  served  to  improve 
the  overall  performance  of  experienced  pilots.  While  superiority  was 
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tnalntained  with  all  types  of  displays,  performance  was  disproportion- 
ately better  with  a pursuit  moving  airplane  display.  More  recently, 

RosC(>e  aud  Wllliges  (1975)  determined  the  order  of  merit  among  the  four 
displays  in  an  actual  flight  environment.  Non-pilot  subjects  were  tested 
under  various  conditions  including  disturbed  tracking  and  recovery  from 
an  unknown  attitude.  The  latter  situation  involved  a conflict  of  visual 
and  motion  cues.  The  results  showed  that  the  frequency  separated  display 
provided  equivalent  performance  to  that  of  the  artificial  horizon  display. 
Under  conflict,  the  frequency  separated  display  resulted  in  a reduction 
of  errors  over  the  conventional  artificial  horizon  display,  but  not  as 
much  as  the  moving  airplane  display.  Ince,  Wllliges,  and  Roscoe  (1975) 
replicated  the  procedures  of  this  study,  but  used  a ground  simulator. 
Non-pilots  were  tested  under  no  motion,  sustalneu  banking,  and  motion 
with  normal  washout  (i.c.,  after  the  simulator  reaches  a steady  state  of 
bank,  it  is  returned  to  a level  position  with  subthreshold  .acceleration). 
Overall  performance  was  found  to  be  superior  with  than  wititout  motion  of 
either  type.  Moreover,  sustained  banking  provided  inappropriate 
gravitational  forces  which  interfered  with  cotaaand  flight  path  tracking. 
The  presence  of  normal  washout,  however,  resulted  lit  reversals  to 
unknown  attitudes  that  approximated  those  obtained  from  flight  (Roscoe 

s 

& Villlges,  1975).  Also,  the  order  of  merit  of  the  displays  corresponded 
more  closely  to  the  order  of  merit  under  flight  conditions  when  the 
simulator  operated  with  washout  motion  in  disturbed  attitude  tracking 
and  in  recovery  from  unknown  attitudes.  Hnally,  an  investigation 
reported  by  Beringer,  Wllliges,  and  Roscoe  (1975)  attempted  to  determine 
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whether  the  adoption  of  frequency  separated  attitude  displays  would 
have  adverse  effects  on  the  over-learned  response  tendencies  of  pilots. 
Pilots  were  tested  in  a ground  simulator  first  and  then  transferred  to 
actual  flight,  using  artificial  horizon,  moving  airplane,  and  frequency 
separated  attitude  displays  in  both.  It  was  found  that  in  disturbed 
tracking  the  frequency  separated  display  was  superior  to  the  artificial 
horizon  and  moving  airplane  displays  during  flight.  Both  the  frequency 
separated  and  artificial  horizon  displays  resulted  in  better  perform- 
ance than  the  moving  airplane  display  in  speed  of  recovery  from  unknown 
attitudes  in  the  airplane.  When  this  and  the  other  studies  of  the 
Illinois  group  were  compared,  the  Investigators  concluded  that  non-pilots 
and  pilots  with  little  experience  can  learn  to  use  the  frequency 
separated  display  without  the  tendency  of  making  reversal  errors  that  are 
relatively  common  with  the  artificial  horizon  display.  Also,  experienced 
pilots  adapted  to  the  frequency  separated  display  without  difficulty. 

This  was  attributed  to  the  fact  that  this  display  is  quite  similar  to  the 
conventional  ones. 

Another  conclusion  reached  by  the  University  of  Illinois  Invasti- 
gaturs  was  that  care  must  be  taken  when  geneiallzations  are  made  from 
simulator  results  where  no  motion  cues  art  provided  or  when  moMon  cues 
are  inappropriate  to  actual  flight  conditions.  The  latter  (i.e.> 
Inappropriate  motion)  has  received  minimal  systematic  attention  among 
investigators.  One  study  (Jacobs  & Roscoe,  197S)  exami.n«d  the  effects 
of  transfer  from  a simulator  under  three  conditions  of  simulated  motion: 
no  motion,  motion  with  normal  washout  in  roll,  and  a washout  condition 
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in  which  the  onset  of  acceleration  was  normal  but  the  direction  of 
ipotion  was  randomly  reversed  50  percent  of  the  time  (i.e.,  the  presenta- 
tion of  unreliable  directional  cues).  The  purpose  of  the  latter  condi- 
tion was  to  determine  whether  motion  cues  played  a directing  or  simply 
an  alerting  role  in  learning  to  cope  with  conflicts.  The  results  showed 
that  normal  washout  motion  yielded  greater  transfer  than  randomly 
reversed  motion^  and  slightly  greater  than  no  motion.  It  is  of  Interest 
to  note,  however,  that  of  the  subjects  who  experienced  the  random  motion 
condition,  none  recalled  that  the  motion  had  seemed  strange.  Accordingly, 
the  results  appear  to  be  somewhat  inconclusive  with  regard  to  whether 
motion  provided  directional  or  merely  alerting  cues.  On  the  one  hand 
transfer  was  slightly  better  with  normal  washout,  but  on  the  other  hand 
the  subjects  In  the  random  motion  condition  were  unaware  that  there  was 
something  strange  about  the  motion  during  traltilng. 

Other  studies  Imvc  Investigated  the  effect  of  non-task  related 
spurious  angular  accelerations  frequently  encountered  In  moving-base 
simulators.  Guerclo  end  Wall  (1972)  found  that  the  presence  of  various 
levels  of  spurious  motion  results  In  higher  pilot  tracking  error,  even 
though  pilots  are  trained  to  ignore  motion.  Beck  (1974)  found  that 
pilot  errors  Increased  with  increasing  levels  of  spurious  motion,  but 
also  reported  that  pilots  learned  to  compensate  for  these  motions. 

Also,  both  of  these  studies  found  that  performance  was  superior  with 
congruent  visual-motion  relation^^hips  than  with  no  motion. 

It  can  be  concluded  that  the  relationships  between  visual  and 
motion  cues  in  spatial  orientation  are  highly  complex.  The  University 
of  Illinois  group  and  other  inveatlgators  have  shown  that  performance 
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not  only  depends  on  motion,  but  on  the  type  and  dynamics  of  the  motion. 
It  is  obvious  that  gravitational  cues  are  extremely  compelling  and 
cannot  be  ignored  easily.  Perhaps  the  word  ignore  in  this  context  is 
inappropriate.  The  effects  may  well  depend -on  other  factors  yet  to  be 
investigated  or  on  factors  that  have  received  minimal  study.  Benfari 
and  Vitale  (1965),  for  example,  found  that  pilots  could  be  classified 
into  two  groups:  those  that  were  "body-oriented"  and  those  that  were 

"frame-oriented."  While  both  groups  perforQted  a tracking  task  better 
with  motion,  the  body-oriented  subjects  produced  lower  mean  error.  They 
concluded  that  frame-oriented  pilots  were  unduly  influenced  by  visual 
factors,  such  as  the  frame  of  the  display,  which  they  interpreted  to  be 
vertical  and  attempted  to  align  it  with  the  horizon.  It  was  suggested 
that  the  difference  between  the  two  groups  may  have  been  due  to  the 
effects  bvf  pilot  training  procedures  or  to  selective  factors. 

Problem 

The  studies  presented  in  the  preceding  review  were  concerned  with 
visual  and  gravitational  factors  of  spatial  orientation  while  subjects 
were  stationary  or  while  they  were  exposed  to  accelerations  that  could 
result  in  tnomentary  conflicts*  The  purpose  of  the  experiment  to  be 
reported  herein  is  to  investigate  operator  tracking  performance  in  an 
environment  that  is  highly  conducive  to  visual-proprioceptive  conflicts. 

The  experimental  scenario  is  described  as  follows:  An  operator  is 

asked  to  uaneuver  a remotely  piloted  vehicle  from  an  airborne  control 
station.  This  station  contains  a television  monitor,  an  attitude 
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control  stick  and  other  controls  and  displays  necessary  to  maneuver 
the  vehicle  through  a specified  course.  The  vehicle,  containing  a 
television  camera  mounted  in  its  nose,  relays  an  image  to  be  displayed 
on  the  television  monitor  in  the  control  station.  Accordingly,  the 
scene  displayed  Co  the  operator  represents  the  scene  viewed  by  the 
camera.  The  task  of  the  operator  is  to  use  the  Instruments,  controls, 
and  video  display  to  "fly"  the  remotely  piloted  vehicle  in  much  the  same 
way  as  he  would  fly  any  aircraft.  This  scenario  is  complicated  by 
several  factors.  First,  the  visual  inputs  received  from  the  vehicle  are 
independent  of  the  proprioceptive  Inputs  received  from  the  airborne 
station.  Second,  while  pilots  are  trained  to  disregard  the  effects  of 
motion,  the  research  has  shown  that  gravitational  cues  are  extremely 
compelling  and  cannot  be  easily  Ignored.  This  assertion  is  supported 
by  the  literature  reviewed  previously  which  demonstrated  that  simulation 
fidelity  is  lost  whenever  fixed-base  systems  are  used  for  pilot  training. 
Thus,  if  the  airborne  station  and  the  vehicle  are  under  turbulence,  the 
stereotypic  responses  of  the  pilots  will  not  apply  and  may  even  interfere 
with  their  perfortoance  unless  motion  cues  are  totally  disregarded. 

In  the  experiment  presented  here,  groups  of  subjects  representing 
three  levels  of  experience  were  asked  to  maneuver  a simulated  remotely 
piloted  vehicle  through  a specified  course.  The  subjects  sat  on  a 
moving  base  platform  designed  specifically  to  simulate  the  environment 
of  an  airborne  station  (henceforth  referred  to  as  the  operator  station). 
This  station  contained  a television  monitor  that  provided  visual  scenes 
representing  those  viewed  by  the  remotely  piloted  vehicle.  The  flight 
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path  flown  by  this  simulated  vehicle  was  commensurate  with  the  control 
inputs  provided  by  the  subject. 

Since  the  operator  station  motion  was  independent  of  the  visual 
system,  it  was  possible  to  siipulate  conditions  in  which  the  vehicle  only 
(i.e.,  the  visual  input),  the  operator  station  only  (i.e.,  the  motion 
input)  or  both  simultaneously  were  under  clear  air  turbulence.  As  the 
subjects  maneuvered  the  simulated  vehicle  over  a series  of  ground 
targets,  in  a task  analogous  to  contact  flying,  they  were  introduced  at 
random  intervals  with  stimuli  representing  the  effects  of  gusts  on  the 
operator  station  and/or  the  vehicle.  The  subjects  were  instructed  to 
null  the  effects  of  gusts  on  the  vehicle. 

The  experiment  was  designed  to  answer  questions  of  practical  as 
well  as  of  theoretical  significance.  A major  objective  was  to  compare 
the  effects  of  visual-proprioceptive  conflict  on  the  performance  of 
subjects  who  have  had  extensive  experience  with  tracking  under  various 
conditions  of  *'task  related"  motion  (i.e.,  pilots)  with  subjects  who 
have  had  experience  with  tracking  and  have  boon  exposed  to  motion  but 
whose  task  is  unrelated  to  motion  (i.e.,  navigators)  and  subjects  who 
have  had  experience  with  neither  tracking  nor  motion  (i.e..  Inexperienced 
subjects).  It  should  be  pointed  out  that  the  important  distinction 
between  levels  of  experience  is  dependent  on  the  assumption  that  motion 
contributes  to  the  performance  of  certain  types  of  tasks  such  as  flying 
an  aircraft  (i.e.,  is  task  related),  but  not  to  others,  such  as 
navigation. 

In  a between  groups  design,  subjects  representing  each  level  of 
experience  were  tested  in  one  of  four  experimental  conditions: 
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(1)  Visual  only  (VO)  in  which  the  vehicle  was  represented  as  being  in 
turbulence;  (2)  motion  only  (MO)  in  which  the  operator  station  was 
represented  as  being  in  turbulence;  (3)  single  axis  incompatible  (SAI) 
in  which  both  were  under  simulated  turbulence,  but  the  visual  and 
motion  inputs  to  the  subject  were  incompatible  with  normal  flying 
conditions  (e.g.,  a visual  pitch  up  was  coupled  simultaneously  with  a 
pitch  down  motion);  (4)  single  axis  compatible  (SAC)  in  which  both  were 
under  simulated  turbulence,  but  the  visual  and  motion  inputs  were 
compatible  with  normal  flying  conditions  (e.g.,  a visual  pitch  up  was 
coupled  with  a pitch  up  motion).  A fifth  condition,  double  axis 
incompatible  (DAI),  experienced  by  pilots  only,  represented  the  situation 
in  which  both  the  operator  station  and  the  vehicle  were  under  turbulence, 
but  thiij  visual  and  motion  inputs  were  incompatible  with  regard  to  axis 
(e.g.,  a visual  pitch  up  could  be  coupled  with  a roll  right  or  left 
motion,  but  not  pitch). 

Pour  computed  measures  of  performance  were  utilized:  response 

time  (RT),  movement  rate  (MR)  of  stick  deflection  following  the  onset 
of  a response,  amendment  time  to  errors,  and  error  rate.  The  experiment 
was  designed  to  examine  the  effects  due  to  compatibility  (i.e., 
conditions),  experience,  practice,  axis  of  the  stimulus,  and  feedback. 

The  four  major  conditions  presented  above  were  chosen  on  the 
assumption  that  they  differed  in  their  potential  to  produce  visual- 
proprioceptive  conflict.  Likewise,  the  presence  or  absence  of  motion 
was  e:q)ected  to  result  in  differencial  levels  of  Interference  with  the 
subject's  learned  response  tendencies  to  vlstial  stimuli  (i.e.,  motion 
compatibility).  Thus,  if  a subject  mas  unable  to  disregard  the  effects 
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of  motion  in  the  SAI  condition  (i.e.,  the  subject  used  motion  as  an 
alerting  cue  and  as  a cue  to  directionality  of  the  visual  timulus),  the 
resultant  response  (measured  as  a control  stick  deflection)  wou^d  be  in 
the  wrong  direction  (i.e.,  a reversal  error).  On  the  other  hand,  if  the 
subjects  were  fully  able  to  disregard  motion  no  differences  would  be 
expected  among  conditions  and  no  responses  would  be  ii.iticlpated  to 
motion  in  MO.  Error  responses  in  the  VQ  condition,  with  none  in  SAC, 
would  mean  that  the  absence  of  motion  cues  interfered  with  performance. 

If  SAC  and  VO  result  in  equally  low  number  of  errors,  it  could  be 
assumed  that  motion  played  no  useful  role  in  f^AC,  If  both  of  these 
conditions  result  in  equally  high  errors,  then  it  could  be  concluded 
that  motion  did  not  play  a role  in  SAC  and  Chat  the  required  stick 
deflections  to  visual  displacements  (i.e.,  gusts<  were  in  fact  incom- 
patible with  the  subject’s  response  tendencies  (i.e.,  the  video 
presentation  is  regarded  as  an  insilc-^out  display).  Finally,  if  RTs  in 
SAC  are  shorter  than  in  VO,  but  the  uumbei  of  errors  is  equal  in  both, 
it  could  bo  concluded  that  motion  provided  m alerting  function  only. 
From  the  literature  reviewed  previously,  it  was  anticipated  tltat  motion 
in  SAC  would  result  i'.  both  shorter  R»s  and  fewer  errors  than  VO  with 
motion  serving  a dval  role  of  alerting  the  subject  to  changes  in 
attitude  and  providing  Informacion  on  the  direction  of  these  ettanges. 

It  was  anticipated  tlmt  the  visual-proprioceptive  conflicts 
produced  by  SAI  would  result  In  a greater  number  of  reversal  errors  in 
that  condition  than  in  VO  and  SAC.  the  fifth  condition,  OAl,  was  added 
CO  this  experiment  to  lend  further  support  to  the  prediction  that  errors 
in  SAI  were  produced  by  conflict  and  were  not  the  result  of  random 
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stick  deflections.  In  other  words,  if  motion  provides  alerting  cues 
and  cues  to  directionality  and  the  subject  does  respond  to  these  cues, 
then  the  error  deflections  should  be  commensurate  with  the  motion 
function.  Since  the  motion  stimulus  in  DAI  was  on  a different  axis  from 
the  stimulus  presented  visually,  this  condition  was  expected  to  result 
in  a high  proportion  of  axis  errors,  rather  than  reversal  errors. 

In  this  experiment,  the  direction  of  displacement-  of  the  visual 
scene  presented  on  the  television  monitor  remained  unaltered  with 
respect  to  the  direction  of  stick  deflection.  In  all  experimental 
conditions  this  relationship  (referred  to  as  motion  compatibility  in 
the  review)  was  colnfflel^surate  with  normal  flying  operations.  The 
difference  between  the  experimental  conditions  was  the  presence  or 
absence  of  motion  and  the  axis  and  direction  of  the  motion  with  respect 
to  visual  displacement.  If  a pilot's  response  tendencies  are  dependent 
on  motion  cues  (i.e. , the  pilot  uses  rather  than  disregards  motion), 
then  a motion  function  which  is  in  conflict  with  these  old  and  over- 
learned  habits  should  interfere  with  his  performance.  Accordingly,  it 
was  anticipated  that  pilot  performance,  as  reflected  by  reversal  and 
axis  errors,  would  bo  poorer  in  SAX  and  DAI  than  SAC.  Also,  the  absence 
of  motion  in  VO  was  expected  to  reduce  pilot  performance  as  compared  to 
SAC.  If  performance  in  SAC  is  dependent  upon  learned  habits  peculiar 
to  pilots,  then  the  performance  of  non-pilots  should  be  worse  than  that 
of  pilots  in  this  condition.  In  fact,  if  pilots  have  learned  to  use 
motion  cues  and  it  is  assumed  that  non-pilots  have  not,  then  non-pilots 
should  show  no  effect  due  to  conditions  (i.e.,  the  differing  potential 
of  each  condition  to  produce  conflict  should  have  no  effect  on  the 
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non-pilots).  A significant  effect  favoring  pilots  in  all  conditions 
could  be  predicated  on  the  assumption  that  previous  exposure  to  flight 
conditions  would  aid  them  in  overcoming  inappropriate  responses  due  to 
conflicting  cues  (Kelley,  et  al. , 1961).  The  review  of  the  literature, 
however,  suggested  that  visual-motion  relationships  in  SAI  should  have 
a profound  negative  effect  on  the  performance  of  pilots  and  to  a lesser 
degree  on  non-pilots.  While  navigators  have  liad  experience  with  tracking 
tasks  in  which  motion  is  non-task  related,  the  performance  of  this  group 
should  be  similar  to  that  of  the  Inexperienced  subjects. 

The  assumptions  discussed  In  the  preceding  paragraph  are  relevant 
also  to  RT  measures.  If  motion  provides  anticipatory  (i.e. , alerting) 
cues,  then  RT  should  be  shorter  with  motion  than  without  (Cohen,  1970; 
Matheny,  et  al.,  1963).  Titis  prediction  can  be  generalized  to  subjects 
in  all  experience  groups,  'nte  past  experience  of  pilots,  however,  siiould 
favor  this  group  over  non-pilots.  Finally,  since  navigators  tiave  had 
experience  with  tracking  tasks,  RT  in  this  group  should  be  shorter  than 
that  of  the  inexperienced  subjects. 

It  has  been  found  repeatedly  that  responses  to  visually  displayed 
toll  result  in  more  errors  chan  to  pitch  (Kelley,  1968;  Kelley,  et  al., 
1961).  It  was  anticipated  tliat  these  same  results  would  be  obtained  in, 
this  experiment,  regardless  of  coiulitlon  or  experience  group.  Similarly, 
RTs  to  visually  presented  pitch  should  be  shorter  than  to  roll  (the 
oblique  effect). 

The  effect  of  practice  (learning)  in  the  experlaeotal  task  should 
be  evidenced  primarily  in  chose  conditions  conducive  to  vlsual- 
proprlocepclve  conflict  (i.e.,  the  conditions  that  are  predicted  to 
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result  in  the  largest  number  of  control  errors).  Similarly,  since  a 
greater  number  of  errors  was  anticipated  from  roll  axis  stimuli,  the 
effect  of  practice  should  be  evident  primarily  in  roll.  Finally,  if  SAi 
produces  the  largest  number  of  errors  as  well  as  the  largest  effect  due 
to  practice,  it  can  be  assumed  that  the  subjects  (but  primarily  the 
pilots)  were  able  to  learn  to  disregard  motion  or  to  adopt  new  response 
tendencies. 

The  experiment  was  designed  also  to  determine  whether  the  effect  of 
conflict  is  carried  to  control  movements  following  the  onset  of  the 
response  (i.e.,  beyond  the  point  where  RT  is  computed).  In  addition  to 
simple  counts  of  directional  errors,  the  MR  of  correct  and  error 
responses,  as  well  as  RT  and  MR  to  the  correction  of  errors,  was 
computed.  While  the  analysis  of  these  data  was  primarily  for  exploratory 
purposes,  it  was  anticipated  that  the  effect  of  vlsual»proprioceptlve 
conflict  would  be  observed  in  the  RT  measures.  Once  an  error  lias  been 
executed  and  detected  under  conditions  of  conflict,  the  correction  of 
this  error  should  proceed  in  a f&shlop  similar  to  that  of  a correct 
response. 

Finally,  a post  hoc  analysis  of  RT  on  errors  and  error  correction 
was  conducted  to  determine  the  possible  effect  (if  any)  of  visual 
feedback  on  the  detection  of  errors.  In  a previous  investigation  reported 
by  Gibbs  (1963),  it  was  shown  that  errors  produced  by  incompatible 
control^display  relations  can  bo  corrected  in  a temporal  period  shorter 
than  that  required  for  visual  feedback.  The  present  experiment  was 
well  suited  to  test  this  possibility. 


EXPERIMENTAL  PROCEDURE 


An  experiment  was  designed  and  conducted  to  assess  the  effects  of 
visual-proprioceptive  cue  conflicts  on  human  performance.  The  experi- 
mental procedure  discussed  below  is  organized  Into  two  major  topic  areas. 
The  first  is  devoted  to  a general  review  of  the  method  and  Includes  a 
description  of  the  equipment,  tasks,  corwlitlous,  and  subjects  utilized. 

It  also  provides  a detailed  coverage  of  the  experirtental  design  and  steps 
employed  in  the  execution  of  the  research.  The  second  topic  is  concerned 
with  performance  measures.  Included  is  a discussion  of  the  techniques 
employed  to  acquire  data  and  to  derive  computed  measures  of  performance 
from  these  data.  A preliminary  investigation  was  carried  out  to  assess 
the  suitability  of  the  overall  experimental  configuration,  including  the 
equipment,  tasks,  procedures,  and  performance  measures.  The  method  and 
results  of  this  investigatloti  are  ^resented  in  Appendix  A. 

Method 

Apparatus 

The  equipment  used  in  this  experiment  consisted  of  an  operator 
station  mounted  on  a tnotion  platform,  hydraulic  pump,  terrain  model, 
television  camera  and  optical  probe,  experimenter  station,  and  a 
Sigota  S digital  computer,  the  operator  station  was  designed  specifically 
to  simulate  the  •'/nvironment  of  an  airborne  control  station.  This  station 
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contained  a television  monitor » which  provided  visual  images  relayed 
to  it  from  a simulated  remotely  piloted  vehicle.  The  visual  images  were 
generated  by  the  television  camera  and  optical  probe,  which  viewed  the 
terrain  model.  The  path  followed  by  the  camera  and  probe  over  the 
terrain  model  was  commensurate  with  the  vehicle  flight  path  as  determined 
by  the  control  stick  inputs  provided  by  the  subject.  Since  the  control 
stick  and  visual  system  were  independent  of  the  motion  platform,  the 
capability  existed  for  the  subject  to  maneuver  the  simulated  remotely 
piloted  vehicle  under  various  environmental  conditions.  This  arrangement 
permitted  the  introduction  of  conditions  in  which  the  vehicle  alone,  the 
airborne  station  alone,  or  both,  were  under  clear  air  turbulence.  A 
brief  description  of  the  luirdware  systems  is  presented  below. 

Motion  system.  Hie  motion  oystem  provided  onset  cues  in  two  degrees 
of  freedom  of  angular  acceleration.  Roll  onset  cues  were  provided  hy 
tilting  the  simulator  about  the  longitudinal  axis  U.e. , the  X axis)  and 
pitch  onset  cues  were  provided  by  tilting  the  simulator  about  the  lateral 
axis  (l.c. , the  Y axis).  Excursion  of  the  simulator  was  restored  to  a 
neutVal  (level)  position  by  motion  in  the  opposite  direction.  Motion  was 
achieved  by  the  actuation  of  hydraulic  cylinders  mounted  under  a 9 by 
8 ft.  (2.74  by  2.4  m)  simulator  platform  as  s)u>wn  in  Elgure  1.  Actuation 
of  the  center  cylinder*  located  18.5  la.  (47  cm)  forward  of  the  operator’s 
seat  reference  point  (i.e. , the  point  where  the  middle  lines  of  the  seat-- 
the  centerline  of  the  platform^-and  the  back  rest  intersect)  provided 
motion  in  the  pitch  axis,  the  second  cylinder,  located  19.5  in.  (49.5  cm) 
behind  the  operator  seat  reference  point,  remained  fixed.  Actuation  of 
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Figure  I.  Hotlun  pXacfora  and  Hydraulic  cylinders. 

Che  third  cylindert  located  30  in.  (76.2  m)  to  the  left  of  the  second 
cylinder,  provided  motion  in  the  roll  a^is.  The  direction  of  flow  of 
hydraulic  fluid  in  the  cylinders  depended  upon  the  actuation  of 
hydraulic  valves,  treasure  against  a pistoti  in  the  cylinder  moved  the 
platform  in  the  appropriate  axis.  Actuation  of  the  valves  was  achieved 
by  manual  Input  from  the  expcrimento^r  station,  but  under  computer  control. 
Executive  routines  determined  witat  axis-direction  combination  had  been 
selected  and  provided  a command  for  the  actuation  of  the  appropriate 
hydraulic  valve. 

Finally,  an  hydraulic  pump  provided  constant  pressure  <I!>00  psi) 
to  the  control  valves.  Switches  to  limit  the  excursions  of  the  platCcrm 
were  mounted  on  the  system  CO  protect  the  subjects,  experimenters,  and 
other  pcrsot»neI  and  equipment  against  possible  liardware  malfunctions. 

These  switches  actuated  an  electronically  operated  hydraulic  pressure 


valve,  which  removed  pressure  from  the  cylinder  valves  and  allowed  the 
platform  to  settle  to  a safe  condition. 

Visual  system.  The  visual  system  consisted  of  a terrain  model, 
television  camera  and  optical  probe,  and  three  monochromatic  television 
monitors  (modified  SMK-23  Visual  Simulator,  The  Singer  Company),  A 
three  dimensional  terrain  model  provided  major  "real  world"  ground  cues 
for  visual  contact  tracking  over  the  surface.  Included  on  the  terrain 
model  were  flat  lands,  mountains,  rivers,  towns,  trees,  roads,  etc.  The 
real  world  to  terrain  model  scale  was  3000:1  and  represented  a six  by 
twelve  mile  area.  The  model  was  mounted  on  an  endless  belt  that  was 
servo  driven  to  represent  visually  the  continuous  changes  in  the  scene 
as  the  simulated  remotely  piloted  vehicle  traveled  along  the  north-south 
direction.  A television  camera  viewed  the  terrain  model  thrcnigh  an 
optical  probe  (see  Figure  2)  that  contained  a servoed  mechanical  assembly 
to  permit  the  introduction  of  heading,  roll,  and  pitch,  both  the  camera 


and  the  optical  probe  were  mounted  on  a servo  driven  carriage  system 
(see  Figure  3)  that  moved  across  the  terrain  model  to  simulate  movement 
along  east-west  directions,  and  In  and  out  to  simulate  altitude'  changes. 
The  path  followed  by  the  television  camera/ terrain  model  combination  was 
commensurate  with  the  actual  path  of  the  simulated  vehicle  as  determined 
by  control  Inputs  provided  by  the  subject.  The  three  television  monitors 
presented  the  scene  viewed  by  the  optical  system.  The  field  of  view 
represented  on  the  television  monitors  subtended  a viewing  angle  of  50® 
horizontally  and  38“  vertically  over  the  terrain  model.  One  television 


Figure  3.  Television  camera  and  carriage  system. 


Bonltor  vas  mounted  In  the  operator  station  and  the  other  two  were 
located  at  the  experimenter  station.  All  three  monitors  had  a 1000  line 
resolution  vertically. 

Operator  station.  The  operator  station,  shown  In  Figure  4, 
consisted  of  a Conrac  television  monitor  .(Model  C0C>17) , attitude  director 
indicator,  altitude  Indicator,  an  amber  colored  nltltude  warning  light, 
and  a side-arm  rate  control  stick.  The  subject  sat  In  an  aircraft  type 
seat  directly  facing  a 14  by  11  In.  (35.6  by  27.9  cm)  television  monitor 
mounted  In  a- center  panel.  The  monitor  was  approximately  perpendicular 
to  the  subject's  line  of  sight,  with  the  top  Inclined  12  degrees  from 


Figure  4.  Operator  station  mounted  on  the  motion  platform  shown 
in  Figure  3.  (The  display  shown  on  the  right  panel  was  not  used.) 
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the  vertical,  away  from  the  subject.  The  distance  between  the  subject’s 
eyes  and  the  center  of  the  television  screen  was  28  in.  (71.1  cm).  The 
viewing  angle  subtended ’28. 0?**  in  the  lateral  plane  and  22.23°  in  the 
vertical  plane  of  the  monitor.  The  altimeter,  altitude  warning  light, 
and  the  attitude  director  Indicator  were  mounted  on  a flat  sectional 
panel  to  the  left  of  the  subject  and  at  an  angle  of  45°  from  the  center 
panel,  as  shown  in  Figure  5.  The  altitude  warning  light  was  located  45° 
from  the ‘subject's  lice  of  sight.  The  altimeter,  mounted  1.5  in. 

(3.8  cm)  under  the  warning  Hght,  was  a vertical  straight  scaled 
indicator  with  a moving  pointer  to  provide  altitude  readings  in  feet 
above  sea  level.  A 6 in.  (15.2  cm)  side>arm  rate  control  stick  was 
mounted  on  the  right  hand  display  console  armrest  as  shown  in  Figure  6. 
The  control  stick  was  spring-centered  with  a dual-axis  (free  positioning) 
capability  tliat  required  4 os.  (113.4  g)  breakout  force.  This  same 
amount  of  force  was  needed  to  hold  the  stick  at  full  deflection.  The 
range  of  deflection  on  both  lateral  (right- left)  and  longitudinal  (fore- 
aft)  stick  was  0 to  25*. 

The  operator  station  contained  a foot  switch  to  allow  the  subject 
to  comunicate  with  the  experimenter  station  personnel.  Depression  of 
this  switch  activated  a lip  microphone  attached  to  the  headset.  Vhite 
noise  (Gaussian  Roise  Generator«  Model  3UA,  Elgenco,  Inc.)  was  input 
to  the  headset  to  mask  external  distutbancea*  At  eye  level,  the 
incident  illumination  was  .37  footcandles  as  measured  with  the  Spectra 
Illumination  Meter  (Model  FC  200  TV-B).  The  aircraft  seat  was  equipped 
with  a standard  shoulder  harness  and  lapbelt  to  protect  the  subject. 
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This  restraint  system  was  necessary  because  the  subject  .was  to  be  tested 
under  conditions  of  simulated  gust  turbulence.  Finally,  an  air  condi- 
tioner maintained  the  operator  station  temperature  at  70**F  (21.1*’C). 

Experimenter  station.  The  experimenter  station  contained  all  the 
equipment  necessary  to  monitor  the  status  of  the  hardware/software,  the 
control  activities  of  the  subject,  and  to  set  up  the  various,  stimulus 
conditions.  The  configuration  of  the^experimenter  station  Is  shown  In 
Figure  7.  This  station  was  manned  by  two  Individuals;  a system  manager 
and  an  experimenter.  The  taak  of  the  system  manager  was  to  prepare  the 
system  for  operation.  Insure  that  all  hardware  was  operating  effectively 
and  reliably  prior  to  and  during  the  experiment,  set  up  the  conditions 
for  all  the  experimental  trials  In  accordance  with  a prepared  checklist, 
and  provide  the  subject  with  assistance  when  necessary.  Available  to  the 


Figure  7.  Experimenter  station. 
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ay  stem  aanager  were  three  display  aonltors.  A system  status  display 
provided  information  on  hardware/ software  status,  subject  identifica- 
tion, and  other  data  on  the  specific  experimental  rxm.  This  status 
display  was  updated  continuously  so  that  all  system  conditions  could  be 
monitored  during  the  experiments.  Also  available  to  the  system  manager 
was  a television  monitor  that  displayed  the  same  scene  viewed  by  the 
subject.  A third  display  presented  a continuously  updated  representa- 
tion of  the  subject's  ground  track.  By  monitoring  these  displays,  the 
system  manager  could  determine  whether  the  subject  and/or  the  system  had 
generated  a condition  serious  enough  to  abort  an  experimental  run.  A 
communication  system  allowed  the  system  manager  to  converse  with  the 
8u|>ject  and  with  personnel  in  the  computer  facility. 

In  addition  to  the  displays  discussed  above,  the  systraa  manager  was 
provided  with  discrete  switches  to  enter  the  subject's  Identlflcotlon 
number  and  other  pertinent  information  in  computer  core,  to  initiate 
and  terminate  experimental  runs,  and  to  set  up  the  visual-motion 
stimulus  combinations  for  input  by  the  experimenter. 

the  second  position,  manned  by  the  experimenter,  was  provided  with 
two  display  monitors  in  addition  to  the  status  and  ground  track  displays, 
which  were  shared  with  the  system  aanager.  One  of  these  displays 
presented  the  same  scene  viewed  by  the  subject  and  the  other  presented 
the  subject's  stick  position  in  percent  deflection.  Taken  together, 
these  displays  were  used  by  the  experimenter  to  determine  the  appropriate 
conditions  for  introducing  a stimulus  to  the  subject.  Once  the  system 
matter  had  set  up  a specific  stimulus  combination  and  the  conditions 
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were  determined  to  be  appropriate,  the  experimenter  pressed  a discrete 
hand-held  Insert  buttom  to  Initiate  a ttlal  stimulus.  More  will  be 
said  about  the  functions  of  the  experimenter  and  the  conditions  necessary 
to  present  stimuli  In  the  Procedures . 

Computer  system  and  Interfaces.  A Sigma  5 digital  computer  was  used 
to  drive  the  peripheral  equipment  discussed  above  and  to  record  data 
during  the  experimental  runs.  The  block  diagram  In  Figure  8 presents 
the  complete  simulator  system.  Real-time  computer  programs  were  stored 
on  a random  access  disk  to  provide  rapid  load  capability.  In  preparation 
for  experimental  runs  the  programs  were  transferred  from  the  random 
access  disk  to  core  memory.  The  Input/output  processor  managed  the  data 
transfer  to  and  from  the  peripheral  devices.  The  systos  Interface 
contained  analog  to  digital  and  digital  to  analog  converters  and  discrete 
Input/output  equipment.  This  Interface  operated  as  an  on-line  peripheral 
to  the  computer.  All  analog  signals  from  the  peripheral  devices  and  all 
the  digital  data  from  the  coiiq>uter  were  converted  and  transferri>d  by 
this  interface  system. 

Resident  software  consisted  of  a real  time  aerodynamic  mathematical 
model,  executive  routine,  and  data  recording  programs.  The  mathematical 
model  was  a six.  degree  of  freedom  simulation  of  a fixed  wing  aircraft 
used  to  represent  a remotely  piloted  vehicle*  This  model  received 
inputs  from  the  subject's  control  stick  and  provided  outputs  to  drive 
the  camera  and  probe  to  produce  the  proper  visual  image  as  well  as  other 
data  necessary  to  drive  the  flight  related  displays  at  the  experimenter 
and  operator  stations.  The  executive  routine  serv^  as  software 


; 
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Interface  between  the  experimenter  station  and  the  mathematical  model 
and  motion  platform  by  producing  stimuli  (i.e..  Inserting  forcing 
functions)  when  commanded.  Depending  on  switch  settings  at  the  experi- 
menter station,  visual  and/or  motioh  stimuli  were  produced  by  emulating 
a sudden  change  in  roll  or  pitch  similar  to  that  produced  by  a sharp 
wind  gust.  Actual  activation  of  visual  stimuli  was  accomplished  by 
adding  a predetermined  value  to  the  sampled  stick  value'  and  sending 
that  sum  to  the  mathematical  model  in  lieu  of  sending  the  actual  stick 
position  over  the  fixed  number  of  program  cycles.  This  proved  to  be 
a simple  and  effective  method  of  producing  realistic  visual  stimuli. 
Vfhen  a motion  stimulus  was  required,  the  necessary  forcing  function, 
programmed  on  the  analog  conq>uter,  was  triggered  under  control  of  the 
executive  routine.  Data  recording  programs  recorded  all  required 
measures  on  9-track  magnetic  tape,  inserted  header  information  used  to 
Identify  experimental  runs  and  trials,  and  produced  sone  on-line  plots 
and  computed  values  necessary  for  the  conduct  of  the  experiment. 

The  analog  computer  was  used  primarily  to  control  the  motion 
platfoni.  This  included  continual  generation  of  low  amplitude  inputs 
on  both  roll  and  pitch  axes  to  simulate  rough  air  and,  thereby,  add 
realism  to  the  task. 

TralnlnR  and  Experimental  Tasks 

Tlio  training  and  experimental  taaka  consisted  of  maneuvering  a 
simulated  remotely  piloted  vehicle  through  a specific  tracking  course, 
this  was  a fora  of  contact  flying  operation  that  required  the  subject 
to  track  ground  targets  and  to  maintain  a level  horlxon  (i.e.,  maintain 
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the  remotely  piloted  vehicle  wings  level).  Since  scaled  references  were 
not  provided  on  the  television  monitor,  the  task  consisted  of  subjective 
compensatory  tracking.  Thus,  the  point  where  a displayed  error  (e.g., 
the  remotely  piloted  vehicle  wings  not  level)  was  nulled  (l.e.,  to  wings 
level),  depended  on  a subjective  estimation  made  by  the  subject.  Easily 
visible  ground  targets  were  numbered  and  placed*  on  the  terrain  model  at 
intervals  approximating  a representation  of  two  statute  miles  (3.2  km) 

(see  Illustration  on  page  68).  There  were  ten  targets,  five  on  the  right- 
hand  side  (east)  and  five  on  the  left-hand  side  (west)  of  the  terrain 
model.  The  five  targets  spaced  on  the  east  side  of  the  model,  were 
numbered  sequentially  towards  the  northern  region  of  the  model.  Similarly, 
the  other  five  targets  were  numbered  sequentially,  but  spaced  at  Intervals 
from  north  to  south,  down  the  west  side  of  the  model.  This  arrangement  of 
targets  resulted  In  the  most  efficient  use  of  the  terrain  model.  The 
average  height  of  the  targets  represented  approximately  200  ft.  (60.96  m) 
from  the  ground  and  their  width  represented  125  ft.  (36.1  m).  The  targets 
were  placed  perpendicular  to  the  terrain  model  for  maximum  visibility. 

In  addition  to  the  spacing  of  targets  discussed  above,  the  targets 
were  alternated  laterally,  left  and  right,  at  distances  representing 
about  .12  of  a mile  (.19  km)  from  the  centerline  between  targets.  This 
arrangement  required  that  the  subjects  make  heading  corrections  as  the 
simulated  remotely  piloted  vehicle  was  flown  towards  each  target.  The 
subject  was  asked  to  msueuver  the  vehicle  over  a target  and  then  apply 
the  necessary  corrections  to  acquire  the  next  targat.  As  s **fly-ovcr*' 
occurred,  the  target  would  leave  the  field  of  view  at  the  bottom  of  the 
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television  screen  and  the  next  target  would  appear  over  the  horizon  to 
the  left  or  right  of  the  current  heading.  Heading  corrections  to  the 
target  were  made  at  this  point.  This  process  was  repeated  tintil  the 
subject  had  tracked  the  vehicle  over  the  fifth  target*  upon  which  he  was 
Instructed  to  bank  the  vehicle  to  the  left  In  order  to  acquire  the  sixth 
target.  Arrows*  strategically  placed  on  the  terrain  model*  aided  the 
subject  In  making  the  turn  for  a heading  due  south.  Target  tracking 
continued  until  the  last  target  had  been  reached.  The  simulated  vehicle 
was  flown  at  an  average  airspeed  of  ISO  knots  and  at  an  altitude  between 
180  and  1000  ft.  (34. 9 and  304.8  m).  The  warning  light  flashed  whenever 
the  simulated  vehicle  reached  a level  below  180  ft.  and  remained  on 
whenever  lOOO  ft.  was  exceeded.  In  these  cases*  the  subject  was  Instructed 
to  pitch  up  or  down  to  maintain  the  required  altitude  limits.  The  average 
tracking  time  over  all  ten  targets  was  6 min.  30  sec.  and  ranged  from 
6 min.  8 sec.  to  6 min.  S3  sec.  One  complete  flight  oVer  the  ten  targets 
covered  approxtoacely  twenty  statute  miles  around  the  terrain  model. 

Training  task.  This  task  consisted  of  tracking  the  ten  targets  es 
described  in  the  preceding  paragraph.  The  attitude  director  Indicator 
was  sctlvated  during  trsining  to  sid  the  subject  in  learning  the 
control'^dlsplay  relations*  Motion  was  not  provided  In  this  session. 

Experiments!  task.  The  experimental  task  vss  identical  to  the 
trsining  task  except  that  the  subjects  were  presented  stimuli  that 
simulated  clear  sir  turbulence  in  the  form  of  gusts*  As  will  be  recalled* 
the  taska  to  be  performed  by  the  subjects  were  those  required  to  control 
a remotely  piloted  vehicle  containing  a television  camera  mounted  in  its 


nose.  Since  the  activities  were  performed  from  a simulated  airborne 
control  station,  various  combinations  of  visual  and  motion  displacements 
were  possible  (l.e..  visual  and/or  motion  machine  outputs).  Upon  the 
presentation  of  a stimulus,  the  subject  responded  with  an  appropriate 
control  stick  maneuver  to  null  the  effects  of  gusts. 

The  Introduction  of  a simulated  gust  on  the  television  monitor 
and/or  motion  constituted  a single  experimental  trial.  The  visual 
stimuli  were  viewed  by  the  subjects  as  angular  displacements  of  the 
terrain.  Figure  9 Is  a photographic  representation  of  level  flying  as 
the  remotely  piloted  vehicle  approaches  the  fourth  target.  Figures  10 
and  11  illustrate  the  effects  due  to  the  introduction  of  left  and  right 
roll  stimuli,  respectively.  These  visual  displacements  were  similar  to 
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rifurs  9.  lllusustloa  of  the  terrain  as  viewed  by  the  subject 
during  level  flight. 
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Figure  10.  Illustration  of  a roll  to 
tion  of  a stiaulus. 


the  left  due  to  the  introduce 


Figure  11.  Illustration  of  a roll  to  the  due  to  the  inttoduc'' 

tioa  of  a atiiBulus 


those  encountered  in  contact  flying  conditions.  Thus,  a right  roll  was 
observed  on  the  television  monitor  as  a counterclockwise  angular  displace- 
ment of  the  terrain.  A left  roll  was  observed  as  a clockwise  angular 
displacement.  Similarly,  a pitch  up  was  associated  with  a downward 
displacement  of  the  terrain  and  pitch  down  with  an  upward  displacement. 

The  visual  stimulus  (or  input  error  due  to  simulated  gusts)  duration 
was  one  second  and  the  displacement  was  ±18" /sec.  on  roll  and  pitch 
during  the  initial  .5  sec.  and  ±21"/sec.  on  roll  and  ±l4"/sec.  on  pitch 
during  the  remaining  .5  sec.  Any  control  stick  activity  occurring  during 
this  period  either  Increased  or  decreased  the  rate  of  error.  If,  for 
example,  the  subject  was  in  the  process  of  making  a heading  correction 
by  deflecting  the  stick  to  the  right  at  the  time  that  a right  roll 
stimulus  was  presented  to  him,  the  rate  of  displacement  (right  bank  error) 
would  increase  accordingly.  On  the  other  hand,  if  the  subject  was  making 
a left  bank  the  rate  of  displacement  would  decrease  or  be  nulled. 
Aoeordingly,  it  was  important  that  all  stimuli  be  presented  during 
periods  ip  which  the  subject  was  not  actively  engaged  in  making 
corrections  and  that  the  attitude  of  the  vehicle  be  within  prescribed 
limits.  The  method  used  to  insure  thst  stimuli  were  ( resented  under 
proper  conditions  is  discussed  in  the  Procedures,  finally,  if  no 
corrective  input  wee  provided  by  the  subject  in  response  to  a stimulus, 
the  maximum  diaplacemeut  was  limited  under  software  control  to  ±21*  on 
roll  and  ±14*  on  pitch. 

As  noted  earlier,  motion  stimuli  were  provided  by  tilting  the 
motion  plstform  about  the  longitudinal  axis  (roll)  or  the  lateral  axis 
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(pitch) . After  reaching  full  excursion,  the  motion  platform  was 
restored  to  a level  position  by  motion  in  the  opposite  direction. 

Return  of  the  platform  to  a level  position,  however,  did  not  involve 
a motion  washout  function  below  sensory  threshold.  Although  such 
functions  are  used  in  pilot  training  simulators  to  eliminate  unc:;rrelated 
visual-motion  cues,  the  environment  simulated  in  the  experiment  required 
that  motion  be  independent  of  the  operator's  control  activities.  This 
arrangement  was  necessary  because  in  an  operational  environment  the 
airborne  control  station  is  flown  by  a pilot  and  not  the  remotely  piloted 
vehicle  operator.  Since  the  turbulence  affecting  the  station  was  always 
in  the  form  of  gusts  (simulated  as  motion),  it  was  assumed  that  the  pilot 
would  immediately  restore  the  station  to  a level  condition.  Such  an 
environment  rendered  washout  unnecessary,  if  not  unrealistic.  Thus, 
after  reaching  maximum  excursion  Jn  one*  second,  the  motion  platform  was 
restored  to  ..  level  position  in  an  equal  amount  of  time.  Maximum 
excursion  on  all  experimental  trials  was  limited  to  ±8°  on  roll  and  ±7* 
on  pitch.  Since  the  seat  reference  point  was  18.5  in.  (47  cm)  behind 
the  center  cylinder  and  8.75  in.  (22.2  cm)  above  the  point  of  platform 
rotation,  the  vertical  excursion  at  this  reference  point  was  2.4  in. 

(6.10  cm)  fo,r  pitch  and  the  lateral  excursion  was  2.0  in.  (7.07  cm)  ^or 
roll. 
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Experimental  Conditions 

The  five  experimental  conditions  are  presented  in  Table  1.  An 
examination  of  this  table  vrill  show  that  the  conditions  represented 
various  visual-motion  stimulus  combinations  existing  between  the 
simulated  airborne  control  station  and  the  remotely  piloted  vehicle. 

Also  shown  In  the  table  are  the  directions  df  the  visual-motion  displace- 
ments in  each  condition.  Figure  12  exemplifies  the  visual-motion 
stimulus  combinations  in  each  of  the  five  conditions.  A brief  descrip- 
tion of  the  conditions  follows: 

Visual  only  (VO).  Stimulus  presentation  was  limited  to  the  visual 
system.  This  condition  simulated  the  environment  in  which  the  remotely 
piloted  vehicle  was  in  turbulent  weather » but  the  airborne  control 
station  was  not  (see  Figure  12b). 

Motion  only  (HO).  Stimuli  were  introduced  through  the  motion 
system  only.  This  condition  simulated  the  situation  in  which  the  air- 
borne control  station  was  in  turbulent  weather,  but  the  remotely  piloted 
vehicle  was  not  (see  Figure  12c) . Any  responses  to  trials  In  this 
condition  Introduced  error  where  none  existed. 

Single  axis  incompatible  (SAD.  Visual-motion  combinations  were 
presented  simultaneously  but  were  in  conflict  with  respect  to  direction 
of  displacement,  this  condition  simulated  the  situation  in  which  both 
the  airborne  control  station  and  the  remotely  piloted  vehicle  were  in 
turbulent  weather.  The  direction  of  visual  displacement,  however,  was 
in  ctnflict  with  normal  contact  flying  conditions.  Thus,  for  example, 
a rol'  notion  to  the  right  would  be  coupled  with  a visual  roll  to  the 
left  (see  Figure  12d).  The  appropriate  response,  of  course,  was  a 
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TABLE  1 

Visual-Motion  Stimulus  Combinations  Used  in  Each 
Experimental  Condition 


Experimental  Conditions 

Visual  Stimulus 
(Axis  and  Direction 
of  Displacement) 

Motion  Stimulus 
(Axis  and  Direction 
of  Displacement) 

Visual  Only  (VO) 

Pitch  Up 

0 

Pitch  Down 

0 

Roll  Right 

0 

Roll  Left 

0 

Motion  Only  (MO) 

0 

Pitch  Up 

0 

Pitch  Down 

0 

Roll  Right 

« 

0 

Roll  Left 

Single  Axis  Incompatible  (SAI) 

Pitch  Up 

Pitch  Down 

Pitch  Down 

Pitch  Up 

Roll  Right 

Roll  Left 

Roll  Left 

Roil  Right 

Single  Axis  Compatible  (SAC) 

Pitch  Up 

Pitch  Up 

Pitch  Down 

Pitch  Down 

Roll  Right 

Roll  Right 

Roll  Left 

Roll  Left 

Double  Axis  Incompatible  (DAI) 

Pitch  Up 

Roll  Right 

Pitch  Up 

Roll  Left 

Pitch  Down 

Roll  Right 

Pitch  Down 

Roll  Left 

Roll  Right 

Pitch  Up 

Roll  Right 

Pitch  Down. 

Roll  Left 

Pitch  Up 

Roll  Left 

Pitch  Down 

Figure  12.  Vleuel-aotioa  reletionehips  prior  to  the  introduction 
of  e etiaulue  (a)  and  on  each  of  the  five  experlaental  conditions: 

(b)  VO,  (c)  MO,  (d)  SAl,  (e)  SAC,  (f)  DAI. 
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control  stick  deflection  to  the  right  to  null  the  effect  produced  by 
the  left  bank  error>.  A control  stick  deflection  to  the  left  would 
result  in  a control  reversal  and  increase  the  left  bank  error  rather 
than  reduce  it. 

Single  axis  compatible  (SAC).  Visual-motion  stimulus  combinations 
were  presented  simultaneously,  but  were  not  in  conflict  with  respect  to 
dlreption  of  displacement  and  axis.  This  condition  simulated  the 
situation  in  which  both  the  remotely  piloted  vehicle  and  the  airborne 
control  station  were  in  turbulent  weather,  but  the  visual-motion 
relationships  were  compatible  with  normal  contact  flying  conditions. 

Thus,  a roll  motion  to  the  right  would  be  coupled  with  a visual  roll 

% 

right  (see  Figure  12e).  The  appropriate  response  was  a control  stick 
deflection  to  the  left.  A stick  deflection  to  the  right  resulted  In  a 
control  reversal. 

Double  axis  Incompatible  (DAI).  Visual-motion  stimulus  combina- 
tions were  presented  simultaneously,  but  were  In  conflict  with  respect 
to  the  axis  in  which  the  displacement  occurred.  This  condition  simulated 
the  situation  In  which  both  the  remotely  piloted  vehicle  and  the  air- 
borne control  station  were  In  turbulent  weather,  but  the  visual-motion i 
relationships  were  Incompatible  with  normal  contact  flying  conditions. 
Thus,  for  example,  a visual  pitch  down  stimulus  could  be  coupled  with  a 
roll  isotlon  to  the  right  (see  Figure  12f } . An  appropriate  response 
would  require  an  aft  control  stick  deflection  to  null  the  error.  A 
control  stick  deflection  to  the  left  would  result  In  an  axis  error  and 
add  roll  error  to  an  already  existing  pitch  error. 
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Subjects 

Fifty-two  Di.;ile  volunteers,  all  uniformed  members  of  the  United 
States  Air  Fore-,  served  as  subjects  in  this  experiment.  These  subjects 
were  assigned  to  one  of  three  experience  groups  consisting  of  twenty 
pilots,  sixteen  navigators,  and  sixteen  non-rated  (inexperienced) 
officers.  The  selection  of  subjects  depended  on  prior  experience.  It 
was  required  that  the  pilots  be  on  current  flying  status  and  that  they 
have  had  at  least  300  hours  flying  time.  It  was  further  required  that , 
neither  the  navigators  nor  the  non-rated  participants  possess  piloting 
experience.  Since  the  control  stick  was  mounted  on  the  right  hand 
console  armrest  and  the  non-rated  subjects  had  no  experience  with  tracking, 
it  was  required  that  these  subjects  be  right  handed.  Questionnaires 
designed  specifically  for  each  of  the  three  experience  groups,  were 
administered  to  all  subjects  (see  Appendices  B,  C,  and  D).  Aside  from 
the  demographic  characteristics  on  each  subject,  it  was  also  of  interest 
to  obtain  other  infonoation  relevant  to  the  flying  experience  of  pilots 
and  navigators,  and  any  possible  informal  (i.e.,  observational)  piloting 
experience  possessed  by  navigators  and  non-rated  participants.  Also  of 
interest  was  information  relative  to  the  subjects*  susceptibility  to 
motion  sickness  or  disorientation.  Appendix  B contains  a detailed 
tabulation  of  questionnaire  responses,  the  general  characteristics  of 
each  experience  group  are  suBaurlsed  below. 

Pilots,  the  average  age  of  pilots  was  3A.5  (median,  34. S)  with  a 
range  of  26  to  45  years.  All  pilots  possessed  at  least  four  years  of 
higher  education,  the  mean  number  of  flying  hours  was  2,953  (median, 
2,924),  with  a range  of  350  to  5,100  hours,  the  mean  nuaber  of  years 
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of  flying  experience  was  9.9  (median,  10.25),  with  a range  of  3 to  32 
years.  Two  pilots  reported  that  they  had  experienced  either  car  or 
seasickness,  but  none  reported  airsickness. 

Navigators . The  average  age  of  navigators  was  33.5  (median, 

33. S),  with  a range  of  25  to  44  years.  All  navigators  possessed  at 
least  four  years  of  higher  education.  The  mean  number  of  navigation 
flying  hours  was  2,531  (median,  2,499),  with  a range  of  620  to  5,700 
hours.  The  mean  number  of  years  experience  was  8.1  (median,  7.25),  with 
a range  of  2.5  to  19  years.  Four  navigators  reported  that  they  had  some 
presolo  piloting  experience,  but  in  all  cases  this  experience  had  occurred 
at. least  seven  years  prior  to  the  experiment  (the  median  number  of  years 
was  10).  Nine  navigators  had  some  informal  **back  seat*'  or  observational 
experience  of  piloting  tasks.  Of  these,  four  reported  that  they  had,  on 
a few  occasions,  performed  8«ae  instrument  flying.  In  all  cases,  however, 
this  experience  was  minimal.  Two  navigators  reported  that  they  had 
experienced  airsickness  and  one  of  these  had  also  experienced  seasickness. 
Two  navigators  were  replaced  in  the  experiment.  Both  of  these  subjects 
tended  to  overcontrol  durlttg  the  tracking  task.  In  one  case,  the  perform- 
ance, as  measured  by  percent  stick  deflection  was  5.59  standard  deviations 
above  the  mean  on  lateral  stick  and  3.17  on  longitudinal  stick.  The  other 
subject  was  3.64  standard  deviations  above  the  mean  on  lateral  stick  and 
4.25  on  longitudinal  stick  (see  Performance  Measures  for  a general 
description  of  the  meaning  of  percent  control  stick  activity). 

Non-tated.  The  average  age  of  the  non-rated  subjects  was  31.2 
(median,  30.5),  with  a range  of  23  to  44  years.  All  of  these  subjects 
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had  completed  at  least  four  years  of  higher  education^  Two  subjects 
reported  that  they  had  some  presolo  piloting  experience,  but  in  both 
cases,  this  experience  had  occurred  seven  years,  previously  and  was  of 
short  duration.  Three  subjects  reported  some  informal  observatloi^al 
experience  and  two  had  some  minimal  experience  in  an  aircraft  ground 
simulator.  Three  non-rated  subjects  were  replaced.  It  was  discovered 
that  one  left  handed  subject  had  been  Inadvertently  selected  to 
participate.  The  other  two  subjects  showed  poor  tracking  performance 
during  training  and  did  not  improve  throughout  the  experimental  sessions. 
Also,  these  two  subjects  needed  frequent  guidance  from  the  experimenter 
In  all  sessions.  Two  subjects  reported  that  they  had  experienced  air- 
sickness and  one  reported  that  he  had  experienced  seasickness. 

Design 

The  sixteen  subjects  in  each  of  the  three  experience  groups  (pilot, 
navigator,  and  non-rated),  were  assigned  rand<naly  to  me  of  four  experi- 
toental  conditions  (VO,  MO,  SAX,  and  SAC).  An  additional  four  pilots 
were  assigned  to  the  DAI  condition.  It  was  recognized  that  the  ideal 
design  would  require  tliat  all  subjects  be  adtainisterod  all  conditions 
(i.e.,  a within  groups  design),  this  type  of  design  was  rejected  fron 
consideration  for  t%N>  related  reasons.  First,  the  subjects  with  the 
required  experience  (particularly  pilots  and  navigators)  are  difficult 
to  locate  ai.d  schedule.  Second,  and  a taore  compelling  reason,  was  that 
the  relatively  large  number  of  conditions  In  the  experiment  would  create 
a totsildable  balancing  problem.  The  strong  possibility  of  asymmetry 
due  to  trsnsfer  effects  (Poulton  and  Freeman,  1966)  in  a within  groups 
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design*  would  require  that  all  combinations  of  the  experimental 
conditions  be  administered  and  examined.  Constraints  on  subject 
availability  rendered  this  approach  impractical*  if  not  la^ossible. 

All  subjects  served  for  approximately  45  min.  on  each  of  five 
consecutive  days  (sessions)....  The  first  session  was  for  the  purpose  of 
familiarizing  the  subjects  with  the  equipment  and  procedures*  and  for 
training  in  the  basic  tracking  task.  The  experimental  tasks  were  per~ 
formed  in  Sessions  2 through  5.  As  noted  earlier*  a trial  was  defined 
as  the  introduction  of  one  stimulus  during  the  experimental  task.  A 
block  of  trials  consisted  of  ten  stimuli  presented  during  a simulated 
flight  over  the  ten  targets.  With  the  exception  of  the  DAI  condition* 
there  were  four  possible  visual  and/or  motion  stismlus  combinations 
associated  with  each  condition  (see  Table  1)»  depending  upon  the  direc- 
tion of  displacement  on  each  axis  (l.e.*  pitch  up*  pitch  do%m*  roll  right* 
and  roll  left).  These  four  stimuli  were  randomized  (without  replacement) 
such  that  the  subject  would  experience  five  of  each  In  two  consecutive 
blocks  of  trials.  In  addition*  four  different  lists  (one  for  each  block) 
of  randomized  trials  were  prepared  and  all  std>jects  In  each  group  experi- 
enced the  same  sequences.  To  avoid  possible  effects  due  to  recall*  the 
order  In  which  the  four  blocks  of  trials  were  presented  was  randomized’ 
on  each  session,  but  subjects  in  each  condition  were  presented  the  sane 
order.  Each  subject  was  given  40  trials  per  session  (10  la  each  direc- 
tion of  dlaplacement)  for  a total  of  160  trials  on  all  four  sessions 
(40  In  each  direction  of  displacement).  Thus*  the  total  number  of  trials 
for  the  four  subjects  In  eseb  experimental  condition  was  640  (160  in  each 
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direction  of  displacement).  Due  to  equipment  problems,  a block  of  trials 
was  not  presented  to  one  non-rated  subject  In  VO.  Consequently,  the 
total  number  of  trials  for  that  group  of  four  subjects  was  630. 

Appendix  F presents  a tabulation  of  the  total  number  of  trials  and 
responses. 

Unlike  the  four  experimental  conditions  dlsctissed  in  the  preceding 
paragraph,  the  DAI  condition  was  administered  to  pilots  only.  As  noted 
in  Table  1,  there  were  eight  possible  visual-motion  combinations. 

These  eight  stimuli  were  randomised  (without  replacement)  such  that 
the  subject  would  experience  five  of  each  in  four  consecutive  blocks 
of  trials.  Four  randomized  lists  (one  for  each  block)  were  prepared 
and  the  four  subjects  experienced  the  same  sequences.  Also,  the  order 
of  presentation  of  each  block  was  randomized  in  each  session,  but  all 
subjects  were  given  the  same  order.  Each  subject  was  presented  with 
40  trials  per  session/Xfive  in  each  visual-motion  combination)  for  a 
total  of  160  in  all  four  sessions  (20  in  each  visual-motion  combination). 
The  total  number  of  trials  was  640  (80  in  each  visualHUotion  c<»binatlon) . 

With  the  exception  of  the  HO  and  DAI  conditions,  the  experimental 
design  eonslste4  of  two  factors  between  groups  atul  three  factors  within 
groups.  The  factors  between  groups  and  levels  for  each  were 
Experience  (3)  and  Experimental  Conditions  (3).  The  factors  within 
groups  and  levels  for  each  were  Axis  (2),  Direction  of  Visual  Displace- 
ment (4),  and  Sessions  (4).  Since  no  visual  stimuli  were  presented  In 
the  HO  condition,  the  data  were  treated  in  a separate  analysis. 
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DAI  was  compared  to  the  other  conditions » but  the  analysis  was 
limited  to  the  pilot  sample  only.  The  design  consisted  of  one  factor 
between  groups  and  three  factors  within  groups.  The  factor  between 
groups  and  levels  was  Conditions  (4)  and  .the  factors  within  groups  and 
levels  were  Sessions  (4)»  Axis  (2),  and  Visual-Motion  Combinations  (8). 

Procedures 

Upon  arrival  for  the  first  session,  each  subject  was  asked  to  read 
a prepared  set  of  instructions  (see  Appendix  G).  The  subject  was  then 
escorted  to  the  operator  station  and  was  seated  in  front  of  the  television 
monitor.  A short  period  was  dedicated  to  familiari:{«;  the  subject  with 
the  location  of  equipment.  The  experimenter  proceeded  to  demonstrate 
the  training  task  to  better  acquaint  the  subject  with  the  procedures. 
Emphasis  was  placed  on  the  corrections  necessary  to  acquire  the  targets, 
maintain  level  flight,  and  keep  the  altitude  within  limits.  After  a 
short  question  and  answer  period,  the  subject  performed  the  training 
task  in  the  presence  of  the  experimenter.  Performance  data  were  recorded 
the  moment  the  subject  began  tracking.  Upon  completion  of  the  first 
training  flight  over  the  ten  targets,  the  experimenter  left  the  operator 
station  and  assumed  his  position  at  the  experimenter  station,  the  subject 
proceeded  to  complete  an  additional  two  training  fllf^ts  with  a one 
minute  rest  period  between  each.  Any  necessary  guidance  was  given  to 
the  subject  over  the  cosnunicstion  system.  Upon  termination  of  the 
training  session,  the  subject  was  provided  with  a copy  of  the 
questionnaire  (see  Appendices  S,  C,  and  D). 
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In  each  experimental  session,  the  subjects  were  again  escorted  to 
the  operator  station  and  given  assistance  In  adjusting  the  protective 
restraints.  The  experimenter  and  system  manager  assumed  their  position 
and  proceeded  to  read  instructions  over  the  communication  system.^  The 
Instructions  varied  In  accordance  with  the  experimental  conditions  as 
follows: 


VO  condition.  As  you  fly  the  remotely  piloted  vehicle 
through  the  same  course  you  have  previously.  It  will  encounter 
clear  air  gusts.  These  gusts  will  be  observed  on  the  television 
display  as  pitch  or  roll.  Your  task  will  be  to  level  the 
remotely  piloted  vehicle  as  quickly  as  possible  and  continue  the 
flight  over  the  various  targets.  Do  you  have  any  questions? 

MO  condition.  As  you  fly  the  remotely  piloted  vehicle 
through  the  same  course  you  have  previously,  the  airborne 
control  station,  but  not  the  remotely  piloted  vehicle,  will 
encoimter  clear  air  gusts.  Your  task  will  be  to  continue  to 
maneuver  the  remotely  piloted  vehicle  through  the  prescribed 
course.  Do  you  have  any  questions? 

SAX,  SAC,  and  DAI  conditions.  As  you  fly  the  remotely  piloted 
vehicle  through  the  sane  course  you  have  previously,  the  remotely 
piloted  vehicle  and  the  airborne  control  station  will  encounter 
clear  air  gusts  occurring  simultaneously.  These  gusts  will  be 
observed  on  the  television  dlsplsy  as  pitch  or  roll.  Your  task 
will  be  to  level  the  remotely  piloted  vehicle  as  quickly  ss 
* possible  and  continue  the  fli^t  over  the  various  targets.  Do 
you  iiave  any  questions? 


the  subject  was  informed  that  the  attitude  director  Indicator  was 
deactivated  and  chat  he  should  focus  his  attention  on  the  television 
monitor  and  not  on  other  indicators.  (The  flashing  or  steadily  on 


^The  fundamental  issue  in  this  experiment  (l.e.,  visual'* 
proprioceptive  conflicts)  was  explored  by  analysing  the  response  chatac** 
terisclcs  immediately  following  the  introduction  of  a stimulus  rather  than 
by  measuring  overall  tracking  performance.  To  avoid  possible  vsriabllicy 
in  Che  data  (l.e.,  response  time)  chat  could  result  from  unspecified  set 
for  either  speed  or  accuracy  (Fitts,  1966)  the  Inscructlons  given  to  the 
subjecta  emphasized  speed. 
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altitude  waicnlng  light  could  be  observed  easily  through  peripheral 
vision.)  The  simulated  rough  air  and  the  television  nonitor  were  then 
activated  and  the  subject  was  asked  whether  he  was  ready  to  begin  the 
task.  Upon  a ready  response  from  the  subject » the  system  was  released 
from  freeze  status  and  the-  subject  began  maneuvering  activities  towards 
the  first  target. 

The  experimental  trials  were  initiated  manually  from  the  experi> 
aenter  station.  The  system  manager  set  up  the  conditions  for  each  trial 
in  accordance  with  the  prepared  checklist  discussed  earlier.  This 
process  consisted  of  setting  discrete  switches  to  select  the  visual/ 
motion/axis/dlrection  of  displacement  combinations  for  an  upcoming  trial 
When  all  conditions  were  met»  the  system  manager  activated  a l^uap  te 
advise  the  experimenter  of  the  syatem  status.  It  was  then  the  responsto 
bility  of  the  experimenter  to  determine  the  appropriate  time  and 
condition  for  presenting  the  subject  with  a trial.  A decision  to 
initiate  s trial  required  tiuit  the  exinstlmontor  dotermioe  whether  a 
set  of  criteria  had  been  met.  The  criteria  and  the  displays  used  to  aid 
the  experimenter  in  making  a decision  are  listed  belows 

Time  constraints.  A minimum  of  ten  seconds  was  required 
to  lapse  between  trials.  This  minim’ll  period  was  needed  to 
allow  the  subject  to  recover  fr^  the  effects  of  the  previous 
trial  and  therefore  ovoid  possible  vlsualHsotion  conflicts 
which  could  result  in  the  confounding  of  data.  The  etetus 
display  provided  a digital  clock  that  showed  time.  In  seconds 
since  the  onset  of  the  last  trial. 

Headifak  eod  attitude  constraints.  In  eddltlon  to  level 
attitude,  the  heading  was  required  to  be  towards  the  next 
target.  The  television  tt.>eitor  and  the  system  ststus  display 
were  used  to  determine  the  attitude  sod  heading  requirementa. 
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Control  stick.  Input  coastralnts.  The  subject’ 8 control 
stick  activity  was  required  to  be  within  {Binlmuia  limits  and 
to  be  stable.  The  required  limits  were  established  from  data 
collected  in  the  preliminary  investigation  (see  Performance 
Measures) . A CRT  display  provided  the  experimenter  with  the 
extent  of  raw  stick  deflection  being  input  by  the  subject. 

A calibrated  mask  was  affixed  over  this  display  to  represent 
the  limits  of  input  in  percent  stick  deflection. 

Location  and  randomization  constraints.  All  trials  were 
preswted  between  the  targets  and  after  the  subject  had 
completed  the  necessary  heading  corrections.  To  avoid 
problans  of  anticipation,  the  presentation  of  trials  occurred 
at  different  locations  on  the  tracking  course.  Thus,  for 
example,  one  trial  would  b«  pr  :sented  between  targets  1 and  2, 
two  between  2 and  3,  one  between  3 and  4,  one  between  4 and  5, 
etc.  On  the  next  block,  two  trials  would  be  presented  between 
targets  1 and  2,  none  between  2 and  3,  two  between  3 and  4, 
one  between  4 and  3,  etc.  A count  of  the  number  of  trials 
already  presented  was  shown  on  the  status  display.  The  location 
of  trials  was  shown  m the  ground  track  display.  An  example  of 
this  display  is  Illustrated  in  Figure  13.  the  numbers  on  this 
display  represented  the  location  of  the  ten  targets  on  the 
terrain  model.  The  Xs  showed  the  location  of  the  trials  over 
the  subject's  tracking  course  (dotted  line).  Upon  the  presenta- 
tion of  a BtitBulus,  the  display  was  updated  with  an  X.  Also 
updated  was  the  tracking  course  to  show  the  progress  of  the 
sulject. 


When  all  the  criteria  were  met,  the  exper^nter  pressed  the  insert 
button,  whici)  caused  an  output  co  be  made  for  the  preselected  trial.  A 
AS  sec.  rest  period  was  provided  between  blocks  of  trials.  For  *‘he 
purpose  of  safety,  the  subject  was  assisted  in  i^iting  the  control 
station  after  the  completion  of  each  session^  The  last  session  was 
followed  with  a debriefing,  a tour  of  the  sisHilation  facility,  and  a 
diactission  on  the  purpoaes  of  the  experiment. 
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Location  of  Targets 


Target 

Latitude 

(Miles) 

Longitude 

(Miles) 

1 

1.21 

4.91 

2 

3.24 

5.11 

3 

5.30 

4.88 

4 

7.28 

5.07 

5 

9.29 

4.89 

6 

9.32 

1.81 

7 

7.23 

1.50 

8 

5.24 

1.67 

9 

3.14 

1.37 

10 

1.28 

1.69 

Figure  13.  Ground  track  display  and  location  of  targets.  The 
numbers  on  the  display  represented  the  location  of  the  ten  targets  on 
the  terrain  model.  The  Xs  show  the  location  of  trials  over  the  tracking 
course  (dotted  line) . 


Performance  Measures 

Data  Acquisition 

Data  colle'cted  during  all  sessions  (including  training)  were  recorded 
on  9-track  magnetic  tape.  Data  acquisition  was  initiated  at  the  moment 
that  the  system  was  released  to  the  subject  and  was  dispontxaued  when 
tracking  had  reached  the  last  target.  The  variables,  units,  and  sampling 
rate  on  each  are  discussed  below. 
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Time.  Clock  time  into  the  tracking  task  was  recorded  every 
.05  sec. 

Lateral  control  stick  deflection  (roll  axis) . The  lateral  control 
stick  activity  was  recorded  in  percent  deflection  from  the  center 
position  (i.e.,  0 percent)  to  full  deflection  (i.e.,  100  percent).  The 
direction  of  deflection  (+  for  right  stick  and  - for  left  stick)  was 
recorded  simultaneously  with  percent  deflection.  Data  were  acquired  at 
a rate  of  20  aamples/sec.  (i.e.,  every  .05  sec.). 

Longitudinal  control  stick  deflection  (pitch  axis) . The  longi- 
tudinal control  stick  activity  was  recorded  in  percent  deflection  from 
the  center  position  (i.e.,  0 percent)  to  full  deflection  (i.e.,. 

100  percent) . The  direction  of  deflection  (+  for  aft  stick  and  - for 
« 

fore  stick)  was  recorded  simultaneously  with  percent  deflection.  Data 
were  acquired  at  a rate  of  20  samples/sec.  (i.e.,  every  .05  sec.). 

Longitude.  Longitude  was  the  location  of  the  simulated  remotely 
piloted  vehicle  over  the  terrain  model  in  an  east-west  direction.  Data 
were  acquired  at  a rate  of  10  samples/sec.  (i.e.,  every  .1  sec.)  and 
were  converted  to  feet  traveled  from  the  left  (i.e.,  west)  side  of  the 
terrain  model . 

Latitude.  Latitude  was  the  location  of  the  simulated  vehicle  in 
a direction  running  lengthwise  over  the  terrain  model  (i.e.,  south-north). 
Data  were  acquired  at  a rate  of  10  samples/sec.  (i.e.,  every  .1  sec.) 
and  were  converted  to  feet  from  the  lower  end  of  the  terrain  model. 

Altitude.  Altitude  was  measured  in  feet  above  sea  level.  Data 
were  acquired  at  a rate  of  10  samples/sec.  (I.e.,  every  .1  sec.). 
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Header  Information.  Two  kinds  of  header  information  were  recorded. 
The  first  was  inserted  prior  to  the  initiation  of  each  tracking  task. 
Included  was  the  subject  identification  nximber,  experimental  condition, 
and  block  number.  The  second  type  was  Inserted  at  the  time  of  each 
trial.  Included  was  the  trial  number  and  the  visual  and/or  motion 
combination  used. 

Tolerance  Limits  on  Control  Stick  Activity 

As  noted  earlier,  the  tracking  task  was  analogous  to  contact 
flying.  Since  a subjective  compensatory  component  was  present  in  the 
task,  it  was  expected  that  the  subject  would  tend  to  make  small,  but 
frequent  corrections.  Thus,  it  was  necessary  to  seek  bands  of  allowable 
tolerance  for  the  task  (i.e.,  the  small  control  stick  deflections  to  be 
regarded  as  noise  rather  than  responses  to  trials) , Tne  primary  purpose 
of  this  exercise  was  to  (1)  select  tolerance  limit  values  to  be  used  . 
as  decision  criteria  (see  Procedures)  for  presenting  the  subject  with 
trial  stimuli,  and  (2)  to  identify  the  temporal  location  in  the  tracking 
record  in  which  the  subject  responded  to  the  stimulus  (i.e.,  the  point 
in  the  tracking  record  where  stick  deflection  first  exceeded  the 
tolerance  limit) . 

The  method  used  to  obtain  tolerance  limits  is  described  in 
Appendix  H.  Briefly,  it  consisted  of  a frequency  count  of  lateral  and 
longitudinal  stick  activity  at  various  levels  of  deflection.  Since 
stick  deflections  were  sampled  every  .05  sec.,  it  was  possible  to 
compute  t'.e  percent  of  time  that  subjects  maintained  the  stick  at  or 
within  various  preselected  levels.  The  results  of  this  exercise 
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revealed  that  the  average  lateral  stick  activity  was  at  or  below 
±20  percent  deflection  75  percent  of  the  time.  Similarly,  longitudinal 
stick  activity  was  at  or  below  ±7  percent  75  percent  of  the  time. 

These  two  values  were  used  as  decision  criteria  for  presenting  stimuli 
and  for  computing  the  performance  measures.  The  values  used  in  the 
former  process  were  obtained  from  the  preliminary  investigation  described 
in  Appendix  A. 

Computed  Performance  Measures 

Computer  programs  were  devel»  oed  to  retrieve  data  from  magnetic 
tape  and  to  compute  relevant  performance  measures.  These  measures 
were:  target  tracking  error;  Initial  response  time  (RT)  and  movement 

rate  (MR);  correction  RT  and  MR  to  errors;  amendment  time;  and 
proportion  of  errors*  These  measures  are  discussed  below: 

Target  tracking  error.  Target  tracking  error  was  a rough  estimate 
of  the  subject's  capability  to  perfoim  the  target  tracking  task.  This 
estimate  was  not  regarded  as  analogous  to  time  on  target  (TOT)  measures 
because  of  the  subjective  nature  of  the  task.  A computer  program 
determined  the  longitude  of  the  simulated  vehicle  when  it  reached  a 
latitudinal  position  18  ft.  (5.5  m)  from  the  target.  The  target 
tracking  error  was  the  difference  between  the  vehicle  longitude  and 
the  target  longitude  in  feet. 

Initial  responses.  The  initial  response  refers  to  the  first 
response  occurring  after  the  onset  of  a stimulus.  Four  types  of 
responses  were  possible:  (1)  correct;  (2)  reversal  error;  (3)  axis 

error;  and  (4)  cross-coupled.  Response  time  was  defined  as  the  time 
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interval  between  tue  onset  of  a stimulus  and  the  first. poMt  (i.e., 
sample)  in  the  tracking  record  of  either  axis  (i.e.,  lateral  and 
longitudinal)  in  which  control  stick  deflection  exceeded  the  tolerance 
limit. 

Since  a response  was  defined  in  terms  of  criterion  values,  there 
was  a certain  amount  of  unavoidable  data  loss.  This  loss  of  data  was 
due  to  two  factors.  First,  if  the  control  stick  deflection  did  not 
exceed  the  tolerance  limit  value  within  a period  of  two  seconds  following 
the  onset  of  a 8f'"»ulus,  it  was  inferred  that  the  subject  had  not 
responded  to  the  stimulus.  Second,  if  control  stick  deflection  was  above 
the  criterion  value  at  the  onset  of  a stimulus,  the  subject’s  response 
was  disregarded  and  was  identified  as  experimenter  error.  With  the 
exception  of  the  MO  condition,  the  total  data  loss  represented  eight 
percent  of  the  total  trials  (see  Appendix  F) , Only  experimenter  error 
was  considered  in  the  MO  condition  because  a response  to  motion  was 
itself  an  error  response.  Experimenter  error  in  this  condition  was 
eight  percent. 

An  illustration  of  a tracking  record  resulting  from  a typical 
correct  response  to  a pitch  down  stimulus  is  presented  in  Figure  14. 

Also  shown  in  this  figure  is  the  Interval  in  which  response  time  was 
computed.  The  dashed  line  represents  the  tolerance  limit  value  for 
longitudinal  stick  deflection.  The  abscissa  is  the  reference  axis  to 
the  time  'jlasped  from  the  beginning  of  an  experimental  block  of  trials. 

In  this  illustration,  104  sec.  was  the  point  where  a t;rial  was  presented 
to  the  subject.  Note  that  stick  deflection  crossed  the  tolerance  limit 
(+7  percent  stick  deflection)  .50  sec.  after  the  onset  of.  the  stimulus. 
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Figure  lA.  Tracking  record  of  a typical  correct  response  to  a 
pitch  down  stimulus.  The  abscissa  is  the  time  elapsed  from  the  start 
of  an  experimental  block.  The  onset  of  the  stimulus  occurred  lOA  sec. 
into  the  task  and  the  response  time  was  the  Interval  between  the  onset 
and  the  point  where  stick  deflection  was  at,  or  first  crossed  the 
tolerance  limit  (the  dashed  line).  The  arrow  points  to  the  location 
in  which  maximum  stick  deflection  was  determined  (see  text,  p.  77). 


The  subject  made  his  correction  with  an  aft  stick  deflection  to  null  the 
error  produced  by  the  stimulus.  Figure  15  illustrates  reversal  errors 
to  stimuli  in  the  SAl  condition.  The  stimulus  represented  in  Figure  iSa 
was  a visual  roll  to  the  left  and  a roll  motion  to  the  right.  A correct 
response  required  that  the  subject  deflect  the  control  stick  to  the 
right  in  order  to  null  the  effects  of  the  error.  Note,  however,  that 
the  subject's  initial  response  was  with  a stick  deflection  to  the  left. 


PERCENT  STICK  DEFLECTION 
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Figure  15.  Tracking  records  of  typical  reversal  errors  to  trials  in 
the  SAX  condition.  The  stinulus  combination  in  Figures  13a  was  a visual 
roll  to  the  left  and  a roll  motion  to  the  right.  The  subject's  Initial 
response  was  with  a stick  deflection  to  the  left»  which  resulted  in  a 
reversal  error.  The  stimulus  combination  in  Figure  15b  was  a visual 
pitph  up  and  a pitch  down  of  the  motion.  The  subject's  initial  response 
was  with  an  aft  stick  deflection,  which  resulted  in  a reversal  error. 


which  added  error  to  the  already  existing  stimulus  error.  The  large 
deflection  from  about  -84  percent  to  about  +82  percent  was  tc^  null  the 
effects  of  the  reversal  error  plus  the  error  due  to  the  stimulus. 

Figure  15b  is  another  illustration  of  a reversal  error,  but  the  stimulus 
relationship  was  on  the  pitch  axis  (visual  pitch  up  and  pitch  down  on 
the  motion).  Figure  16  illustrates  initial  responses  on  the  wrong  axis 
(i.e.,  axis  errors)  resulting  from  trials  in  the  DAI  condition.  The 
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Figure  16.  Tracking  records  of  typical  axis  errors  to  trials  In 
the  DAI  condition.  The  stimulus  combination  in  Figure  16a  was  a visual 
roll  to  the  left  and  a pitch  down  of  the  motion.  The  initial  response 
was  with  an  aft  stick  deflection,  which  resulted  in  an  axis  error.  The 
stimulus  combination  in  Figure  16b  was  a visual  pitch  down  and  a roll 
motion  to  the  right.  The  initial  rc.<;ponse  was  with  a stick  deflection 
to  the  left,  which  resulted  in  an  axis  error. 


stimulus  combination  represented  in  Figure  16a  was  a visual  roll  to  the 
left  and  a pitch  down  of  the  motion.  The  initial  response  was  with  a 
longitudinal  stick  deflection  and  was  in  the  correct  direction  had  the 
subject  been  required  to  T;espond  to  the  motion  stimulus  (l.e.,  an  aft 
deflection  in  response  to  the  pitch  down  of  the  motion).  The  subject's 
stick  deflection  added  error,  but  on  a different  axis  to  that  produced 
by  the  visual  stimulus  (i.e.,  roll).  Similarly,  Figujre  16b  illustrates 
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a response  to  a visual  pitch  down  and  a roll  motion  to  the  right.  Again, 
the  subject  responded  first  to  the  motion  stimulus.^  In  contrast  to  the 
QAl  condition,  axis  errors  in  VO,  SAX,  and  SAC  not  be  attributed 

directly  to  motion  cues  (in  VO  there  was  no  “motion  and  in  SAI  and  SAC, 
motion  was  on  the  same  axis  as  the  visual  stimulus).  Finally,  a cro^^s- 
coupled  response  to  a trial  refers  to  lateral  and  longitudinal  stick 
deflections,  which  occur  simultaneously.  Figure  17  illustrates  this  type 
of  response.  Four  pe/cent  of  the  trials  in. VO,  SAI,  SAC,  and  DAI  resulted 


Figure  17.  Tracking  record  of  a typical  cross»coupled  response  to 
a trial  in  the  DAI  condition.  The  stimulus  combination  Was  a visual 
pitch  down  and  pll  motion  to  the  right.  The  subject  responded  to 
both  the  visual  and  motion  cuc.^  simultaneously. 


^Two  percent  of  the  axis  errors  in  the  DAI  condition  were  in  the 
wrong  direction  with  respect  to  motion.  These  data  were  not  included 
in  the  analysis  (see  Appendix  F). 
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in  cross-coupled  responses.  These  data  were  not  submitted  to  analysis 
because  of  their  random  occurrence  (except  for  large  differences  in  the 
number  of  these  responses  between  pitch  and  roll)  anu  because  they 
provided  little  or  no  substantiation  of  the  Issues  being  investigated 
(i.e.t  these  data  could  be  regarded  as  neither  correct  nor  error 
responses) . 

In  addition  to  response  time,  the  movement  rate  of  control  stick 
deflection  was  determined  on  all  initial  responses.  Rate  was  computed 
in  */.05  sec.,  of  stick  deflection  from  the  initiation  of  a response  to 
the  point  where  stick  position  reached  maximum  deflection.  Movement 
rate  was  computed  in  accordance  with  the  equation i 


m r * 

T 

idiere 

A ■ percent  maximum  amplitude  of  stick  deflection.  Maximum 
amplitude  was  defined  as  that  point  where  the  difference  in 
stick  deflection  cn  two  consecutive  .05  sec.  samples  was 
less  than  .005  percent  units,  or  the  point  where  deflection 
changed  direction.  The  arrow  shown  in  Figure  lA  points  to 
the  position  in  the  tracking  record  wher«  maximum  stick 
deflection  was  computed  In  accordance  with  this  definition. 

B percent  stick  deflection  at  the  point  where  It  first 
exceeded  the  tolerance  limit.  (This  point  was  used  also 
to  determine  response  time.) 

.25  *■  scale  factor  for  converting  percent  to  degrees  (25** 
represented  100  percent,  or  full,  stick  deflection). 

T * number  of  time  samples  between  A and  B. 
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Correction  responses.  Correction  RTs  and  correction  MRs  were 
computed  on  all  reversal  and  axis  errors.  Correction  RT  to  a reversal 
was  the  time  Interval  between  the  onset  of  a stimulus  and  the  Initiation 
of  a correction.  The  latter  was  determined  by  finding  the  start  point 
where  stick  deflection  was  initiated  in  the  correct  direction.  This 
point  was  located  in  the  tracking  record  by  applying  a technique  similar 
to  the  one  used  to  determine  maximum  amplitude  of  stick  deflection.  This 
method  was  eoq>loyed  because  a correction  response  did  not  always  occur 
inmediately  after  reaching  the  cunputed  maximum  amplitude  of  the  initial 
response.  Hesitations,  or  small  stick  deflections,  would  be  occasionally 
input  by  the  subject  prior  to  the  initiation  of  a correction.  The  point 
where  a correction  response  was  Initiated  was  located  by  scanning  the 
tracking  record  in  both  forward  and  backward  directions.  The  terminal 
point  of  the  corrective  movement  was  located  by  scanning  forward  and 
finding  the  point  where  deflection  first  entered  the  tolerance  limit. 

By  scanning  backwards  from  this  point  it  was  possible  to  find  maximum 
amplitude  of  stick  deflection  which  occurred  just  prior  to  the  corrective 
movement.  The  time  Interval  between  the  onset  of  the  stimulus  and  the 
point  on  the  time  record  where  the  computed  maximu^ii  amplitude  was  reached 
was  defined  as  correction  RT.  The  percent  stick  deflection  st  this 
maximum  amplitude  and  at  the  terminal  point  of  the  correction  were  used 
to  compute  correction  MRs  as  described  earlier. 

Correction  RTs  to  axis  errors  were  determined  by  searching  for  the 


point  where  stick  deflection  in  the  correct. axis  first  exceeded  the 
tolerance  limit.  Both  correction  RTs  and  MRs  were  then  computed  by 
applying  the  technique  used  on  correct  responses. 


Amendment  time.  A post  hoc  analysis  of  data  was  conducted  to 
determine  the  amendment  time  (or  error  detection  time)  to  reversal  errors. 
This  measure  was  the  averaged  difference  between  initial  RT  to  reversals 
and  the  correction  RT.  Computation  of  amendment  time  was  limited  to  SAI 
data  because  of  the  relatively  large  number  of  reversals  made  In  that 
condition  by  all  subjects.  Analysis  of  these^data  was  stimulated  by 
previous  investigations  conducted  on  sensory  feedback  by  Chemlkoff  and 
Taylor  (1932),  Gibbs  (1963),  and  Higgins  and  Angel  (1970). 

Error  rates.  The  proportion  of  reversal  and  axis  errors  was 
computed  from  data  on  all  experimental  conditions,  except  HO,  The 
primary  purpose  of  this  measure  was  to  determine:  (1)  possible  effects 

due  to  practice;  and  (2)  possible  differential  effects  by  types  of 
errors  (reversals  vs.  axis  errors),  due  to  conditions  and  experience. 

All  proportions  were  obtained  by  dividing  the  number  of  errors  by  the 
total  number  of  reaponsea.  Since  all  responses  to  HO  were  regarded  as 
errors  in  this  experiment,  proportiou.'  were  obtained  by  dividing  the 
number  of  responses  by  the  total  number  of  trials  (experloentev  errors 
were  excluded). 


RESULTS 


The  experimental  findings  are  arranged  in  accordance  with  the  list 
of  dependent  variables  discussed  in  the  Experimental  Procedure,  namely, 
response  time  (RT),  movement  rate  (MR),  amendment  time,  and  error  rate. 
While  the  experimental  findings  are  presented  In  context  with  the  major 
Issues  explored,  detailed  interpretation  and  f'onclusions  drawn  fr<»s  the 
data  are  reserved  for  the  Discussion. 

The  first  major  topic  to  be  covered  deals  with  RX  and  MR  data. 

Results  obtained  in  the  visual  only  (VO),  single  axis  incotapatible  (SAi), 
and  single  axis  compatible  (SAC)  conditions  are  presented  first.  Analysis 
proceeded  in  accordance  with  the  events  shown  in  Figure  IS. 
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Figure  18.  Sequence  of  events  and  stc:lstlcal  coaparisuns.  The 
solid  lines  represent  response  sequences  and  the  dashed  lines  represent 
data  coapar Isons. 
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H&sponse  times  and  MRs  on  Initial  responses  (i.e. , correct  responses, 
reversal  errors,  and  axis  errors)  were  submitted  to  analysis  of  variance 
to  determine  possible  effects  due  to  practice,  condition*?,  experience, 
and  the  axis  in  which  the  vi$usi  stimulus  occurred.  Similarly, 
correction  RTq  and  HRs  on  reversal  and  axis  errors  were  analysed  to 
determine  whether  the  response  characteristics  exhibited  the  same,  or 
similar,  patterns  to  those  on  the  initial  responses.  Finally,  correction 
RTs  and  M&s  were  cpii^ared  to  RTs  and  MRs  on  the  initial  responses. 

Next  discussed  are  the  RTs  and  MRs  obtained  In  the  motion  ou  ly  (MO) 
condition.  These  data  were  not  compared  statistically  with  the  other 
three  conditions  because  of  the  different  nature  of  the  task.  Since  no 
visual  stimuli  were  presented  to  the  subjects  in  this  condition,  the 
responses  were  few  and  those  that  were  made  were  regarded  as  errors. 
Nevertheless,  the  data  were  analysed  for  possible  effects  due  to  experi- 
ence and  axis.  Corrections  to  these  error  responses  were  not  examined. 

the  results  obtained  fren  the  double  axis  incompatible  (UA^l) 
condition  are  then  examined.  As  will  be  recalled,  this  condition  was 
administered  to  pilots  only.  Two  sets  of  analyses  were  carried  out  on 
the  data.  The  first  tested  for  possible  effects  due  to  practice  and  the 
second  4.^>*.?arcd  DAI  with  VO,  SAI,  and  SA‘"  on  pilots.  The  discussion  of 
the  results  proceeds  In  a faahion  similar  to  the  one  illustrated  in 
Figure  18,  except  that  the  data  were  not  compared  across  experience 
groups. 

The  se^nd  major  topic  covers  the  amendment  time  data.  As  indicated 
In  the  Experimental  Procedure,  the  analysis  was  limited  to  RT  data  In 
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SAI  where  a greater  proprotion  of  reversal  errors  were  made.  The 
effects  due  to  experience  and  practice  are  examined. 

The  thitd  and  final  topic,  examines  the  error  rate  data.  This 
discussion  is  organized  as  in  the  first  topic.  The  results  obtained  in 
VO,  SAI,  and  SAC  are  presented  first,  and  this  is  followed  with  a 
discussion  of  the  results  obtained  in  MO  and  t>AI. 

A, summary  of  the  total  number  of  trials  presented  to  the  subjects 
in  each  conditiovi  and  experience  group,  by  axis,  is  presented  in 
Appendix  P.  This  suronuiry  includes  a tabulation  of  the  total  number  of 
responses,  by  type  of  response  (i.e.,  correct,  reversal  error,  exis 
error,  and  cross*'Coupled) , on  each  axis.  Also  included  is  the  total 
number  of  responses  lost  because  of  experimenter  error  and/or  because 
the  subject  failed  to  respond  to  a stimulus.  Accordingly,  the  total 
number  of  observations  submitted  to  analysis  was  determined  by 
subtracting  the  total  data  lost  from  the  tota.'  " of  trials.  (The 
number  of  observations  is  presented  in  the  Total  Response  column  in 
Appendix  P.)  Finally,  all  analyses  of  variance  reported  were  performed 
with  the  VUL2  Vanderbilt  Statistical  Package  The  missing  dais 

(i.e.,  unequal  n)  option  supplied  with  those  progrrats  was  applied  whera 
needed. 

Prior  to  proceeding  with  the  experimental  findings,  it  mi^ht  be 
well  to  present  a br;>f  summary  of  the  results  obtained  on  target 
tracking  error.  Those  data  are  presented  here  because  they  are  not 
directly  relevant  to  the  issues  explored  in  this  experiment.  It  will 
be  recalled  tiiat  this  measure  was  a rough  estimate  of  th^^  subject's 
capability  to  perform  the  tracking  tac.iv. 
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Mean  tracking  error  (pooled  across  conditions)  on  each  experience 
group  over  sessions,  is  presented  in  Table  2.  In  contrast  to  non-pilcts, 
the  pilots  did  not  exhibit  a large  reduction  of  error  over  sessions.  As 
expected,  the  non-rated  subjects  manifested  the  greatest  amount  of 
learnings  By  the  last  session,  all  experience  groups  were  approximately 
equal  in  their  ability  to  perform  the  tracking  task.  While  there  was 
some  difference  among  groups  in  the  first  session,  it  was  concluded  that 
all  subjects  were  fully  capable  of  performing  the  required  task. 


TABLE  2 

Mean  Target  Tracking  Error  (in  ft.) 


Sessions 

Pilots 

Navigators 

Non-rnted 

1 

161.9 

226.4 

343.9 

2 

160.1 

222.2 

249.9 

3 

1!*6.8 

177.1 

206.9 

4 

166.1 

184.4 

187.2 

Upon  further  examination  of  table  2,  it  would  appear  that  the  errors 
are  rather  large;  in  fact  they  ate  extremely  small.  There  are  two 
related  reaaona  for  making  this  assertion.  First,  while  subjects  felt 
that  they  had  actually  flown  the  simulated  remotely  piloted  vehicle 
over  a target  at  the  point  where  the  target  left  the  field  of  view  at 
the  bottom  of  the  screen,  the  vehicle  was  still  72S  ft.  ^220.99  m)  away 
from  the  target.  This  ^as  because  the  vehicle  simulated  had  a fc^vard 
looking  visual  system  that  subtended  a vertical  angle  of  38*  over  the 
terrain  model.  Terget  tracking  error  was  determined  from  a latitudinal 
dlatOnce  of  18  ft.  (S.S  n)  from  the  target.  At  this  point,  however,  the 
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subject  had  already  initiated  his  corrections  to  the  next  target  and 
the  distance  of  the  vehicle  was  determined  to  be,  on  the  average, 

83.4  ft.  (24.8  m)  longitudinally  away  from  the  target.  Accordingly, 
the  latter  figure  must  be  considered  to  be  a constant  error,  which  is 
incltaed  in  the  figures  presented  in  Table  2.  Second,  the  scene  shown 
on  the  television  monitor  represented  a viewing  angle  that  subtended  50*’ 
horizontally  over  the  terrain  model.  At  an  altitude  of  500  ft.  (152.4  m), 
the  horizontal  field  of  view  at  the  location  of  the  upcoming  target 
represented  approximately  1.87  statute  miles  (3.01  km)  and  the  angle 
subtended  by  the  target  at  two  miles  (the  distance  between  targets)  was 
only  40'  of  a degree.  Considering  the  apparent  size  of  the  target  at 
this  distance,  as  well  as  the  miles  flown,  the  errors  presented  in 
Table  2 are  very  small. 

Response  Time  and  Movement  Rate 

Visual  Only  (VCQ  versus  Single  Axis  Incompatible  (SAl) 
versus  Single  Axis  Compatible  (SAC) 

Correct  responses.  Analyses  of  variance  were  performed  on  the  RTs 
for  each  experience  group  (within  conditions)  to  determine  possible 
effects  due  to  practice  and  directionality  of  response  in  each  axis 
(i.e.,  pitch  up  vs.  down  and  toll  right  vs.  left).  Neither  of  these 
variables  was  found  to  be  significant;  therefore,  HTs  were  pooled  over 
sessions  and  over  directionality.  Neau  RTs  on  correct  responses  are 
shown  in  Table  3.  There  was  a significant  effect  due  to  conditions, 

F (2,  27)  - 6.34,  p < .01,  (.75,  .66,  and  .57  sec.  in  VO,  SAl,  and  SAC, 
respectively)  and  to  experience,  F (2,  27)  • S.57,  £ < .01  (.56,  .72, 
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TABLE  3 

Mean  Response  Times  (in  sec.)  on  Correct  Responses 


Conditions 

Pitch 

Roll 

Pilots 

Navie . 

N-R 

Pilots 

Navig. 

N-R 

VO 

.58 

.66 

.67 

.71 

.96 

.89 

SAI 

.51 

.71 

.61 

.58 

.84 

.74 

SAC 

.48 

.52 

.57 

.54 

.61 

.68 

and  .70  sec.  on  pilots,  navigators,  and  non-rated,  respectively).  Also 
significant  was  axis,  F (1,  27)  » 71.90,  2 ^ vith  mean  RT  being 
shorter  tq  pitch  than  roll  (.59  vs.  .73  sec.).  A Conditions  X Axis 
interaction,  F (2,  27)  ■ 6.32,  £ < .01,  revealed  that  the  effect  due 
to  the  absence  of  tootion  in  the  VO  condition  vos  priiaarily  in  the  roll 
axis  and  not  pitch. 

To  arrive  at  a better  understanding  of  the  significant  effects  due 
to  conditions,  experience,  and  the  Conditions  X Axis  Interaction, 
analyses  of  variance  were  carried  out  on  the  RTs  on  each  axis. 
Conditions  was  significant  on  pitch,  F (2,  27)  “ 3.77,  £ < .05  and 
roll;  F (2,  27)  - 7.51,  £ < .01.  A Newman-Keuls  (Winer,  1971,  p.  191) 
test  of  the  ueans  on  the  pitch  axis  revealed  that  RT  In  VO  was  signifi** 
cantly  longer  than  SAC  (£  < .05),  but  not  SAI.  On  the  roll  axis,  RT  In 

VO  was  significantly  longer  than  both  SAI  and  SAC  (£  < .01).  Taken 

together,  these  two  tests  provide  some  insight  into  the  Conditions  X 
Axis  interaction,  namely,  that  the  absence  of  motion  had  its  primary 
effect  in  roll,  rather  than  pitch.  While  mean  RTs  in  SAI  and  SAC  did 

not  differ  significantly  on  either  axis,  there  was  a tendency  for  SAC 

to  result  in  shorter  RTs  than  SAX  on  both  axes  (.52  vs.  .61  sec.  on 
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pitch  and  .61  vs.  .72  sec.  on  roll).  Thus,  compatible  visual-motion 
relationships  tended  to  provide  cues  which  aided  performance.  The 
failure  to  obtain  a significant  difference  between  SAI  and  SAC,  however, 
suggests  that  motion,  even  when  it  is  incompatible  with  the  visual 
stimulus,  aids  performance  bjr  reducing  response  time. 

Finally,  experience  was  significant  on  both  pitch,  F (2,  27)  * 

4.01,  £ < .05  and  roll,  F (2,  27)  » 5.70,  £ < .01.  Newman-Keuls  tests 
of  the  mean  RTs  on  all  experience  groups  revealed  that  pilot  RT  was 
significantly  shorter  than  that  of  non-pilots  (£  < .05  on  both  pitch  and 
roll),  but  the  two  non-pilot  groups  did  not  differ  (p  > >05). 

As  with  RTs  analyses  of  variance  were  carried  out  on  HRs  for  each 
experience  group  (within  conditions)  to  determine  possible  effects  due 
to  practice  and  directionality.  Neither  of  these  variables  was  signifi- 
cant; therefore,  HRs  were  pooled  over  sessions  and  over  directionality 
in  each  axis.  The  mean  HRs  are  summarixed  in  Table  4.  Neither  conditions 
F (2,  V)  - 3.26,  £ > .05  <4.0,  4.4,  and  3.2V. 05  sec.  in  VO,  SAI,  and 
SAC,  respectively)  nor  experience,  P (2,  27)  *•  .19,  £ > .05  (4,0,  3.9, 
and  3. 7*/. 05  sec.  on  pilots,  navigators,  and  non-rated,  respectively)  was 
significant.  Axis  was  significant,  P (1,  27)  » 137.12,  £ < .01,  with 
pitch  resulting  in  slower  HRs  than  roll  (2.8  vs.  5*/>0S  sec.),  there 
was  a significant  Conditions  X Axis  interaction,  F (2,  27)  7.34, 

£ < .01. 

To  gain  a better  understanding  of  the  nature  of  the  Conditions  X 
Axis  interaction,  analyses  of  variance  were  performed  on  data  from  each 
axis  separately.  Conditions  failed  to  reach  significance  on  pitch. 
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TABLE  4 

Mean  Movement  Rates  (in  ®/.05  sec.)  on  Correct  Responses 


Conditions 

Pitch 

Roll 

Pilots 

NaviR. 

N-R 

Pilots 

Navlg. 

N-R 

VO 

3.1 

2.3 

2.9 

5.1 

5.7 

5.1 

SAI 

3.3 

2.7 

2.9 

5.8 

5.9 

6.0 

SAC 

3.0 

2.6 

2.2 

3.0 

4.4 

3.3 

F (2,  27)  * 1.04,  2 ^ ‘05,  but  was  significant  on  roll,  F (2,  27)  * 

13.8,  £ < ,01.  A Newman-Keuls  revealed  that  MR  in  SAC  was  significantly 
slower  (£  < .03)  than  in  SAX  and  VO  on  the  roll  axis.  Thus,  the  effect 

of  compatible  visual-emotion  relationships  was  to  reduce  the  rate  of 
movement,  but  this  was  apparent  on  the  roll  axis  only.  Unlike  RT, 
however,  this  effect  was  limited  to  the  compatible  relationship  (i.c., 
there  was  no  difference  in  MR  on  the  roll  axis  between  VO  and  SAI). 

In  summary,  the  effects  of  practice,  conditions,  experience,  and 
axis  on  correct  responses  to  stimuli,  as  revealed  by  RT  and  HR  measures, 
may  be  characterired  as  follows:  (1)  Practice  did  not  have  an  effect  on 

RIs  and  HRs.  (2)  The  absence  of  motion  length:^na4  RT,  but  this  effect 
was  primarily  on  the  roll  axis.  While  there  ^as  no  difference  in  K'l 
between  the  two  motion  conditions  ($AX  and  SAC),  there  was  a tendency 
for  compatible  relationships  (SAC)  to  result  in  shorter  RTs  to  both 
pitch  and  roll*  A strict  interpretation  of  these  results,  however,  would 
suggest  that  an  incompatible  relationship  has  no  effect  on  RT  of  correct 
responses.  The  results  may  be  also  interpreted  to  mean  that  motion, 
avan  though  in  conflict  with  the  vlaual  atlmulua,  provides  cues 
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(information)  which  aid  performance  by  shortening  RT  to  stimuli  on  the 
roll  axis.  The  MRs  did  not  differ  among  conditions  on  the  pitch  axis. 
Compatible  visual-motion  relationships  resulted  in  slower  MRs  on  the 
roll  axis.  There  was  a slight  tendency,  though  not  statistically 
significant,  for  SAI  to  result  in  faster  MRs  on  both  axes.  (3)  Experi- 
ence had  a significant  effect  on  RT.  Pilots  responded  with  shorter  RTs 
than  non-pilots  on  both  axes.  Experience  had  .no  effect  on  MRs.  (4)  Mean 
RT  was  shorter  and  mean  MR  was  slower  to  pitch  than  roll. 

Reversal  errors.  Analyses  of  variance  were  performed  on  the  RTs  and 
MRs  for  each  experience  group  (within  conditions)  to  determine  any 
possible  Influence  duo  Co  pracCice  and  directionality.  Neither  of  these 
variables  was  ''ignif leant;  tlrrefore,  RTs  were  pooled  over  sessions  and 
over  directionality  in  each  axis.  Moan  RTs  on  reversal  errors  are 
presented  in  Table  5.  Unlike  correct  responses,  RTs  on  reversals  did 
not  differ  among  conditions,  f <2,  27)  » 3.29,  £ « .052  (.47,  .42,  and 
.34  sec.  in  VO,  SAI,  atid  SAC,  respectively),  or  experience  groups. 


TABLE  5 

Moan  Response  Times  (in  sec.)  on  Reversal  Errors 


Conditions 

Pitch 

Roll 

Pilots 

NaviR. 

N-R 

Pilots 

Navig. 

N-R 

VO 

.38 

.35 

.36 

.48 

.57 

.65 

.«AI 

.37 

.45 

.32 

.43 

.49 

.49 

SAC 

.22 

.24 

.37 

.35 

.39 

.47 
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F (2,  27)  = 1.02,  £ > .05  (.37,  .42,  and  .44  sec.  on  pilots,  navigators, 
and  non-rated,  respectively).  It  should  be  noted,  however,  that  there 
was  a tendency  (see  Table  5)  for  VO  to  result  in  longer  RTs  and  for 
pilots  to  respond  with  shorter  RTs  than  non-pilots.  Like  correct 
responses,  RTs  on  reversals  to  pitch  were  shorter  than  to  roll, 

(1,  26)  * 16.91,  £ < .01  (.34  vs.  .48  sec.).  Similarly,  MRs  associated 
with  reversal  errors,  as  shown  in  Table  6,  did  not  differ  among  condi- 
tions, F (2,  27)  » 1.30,  £ > .05,  (2.4,  2.7,  and  1.6®/. 05  sec.  in  VO, 

S4I,  and  SAC,  respectively)  or  among  experience  groups,  F (2,  27)  ° 

.62,  £ > .05  (2.2,  2.1,  and  2. 5®/. 05  sec.  on  pilots,  navigators,  and 
non-rated,  respectively).  Finally,  MRs  to  pitch  were  significantly 
slower  than  roll,  F (1,  26)  ■ 46.52,  £ < .01  (.9  vs.  3. 6*/. 05  sec.), 

as  fotuui  on  KRs  on  correct  responses. 

/ 

. TABLE  6 

Mean  Movement  Rates  (in  ®/.05  sec.)  on  Reversal  Errors 


X^onditions 

Pitch 

Roll 

Pilots 

Navig. 

N-R 

Pilots 

Navig. 

N-R 

VO 

1.5 

.2 

.8 

3.1 

3.9 

5.4 

SAI 

1.3 

1.4 

1.0 

5.1 

3.5 

4.2 

SAC 

.5 

.6 

.9 

1.9 

2.7 

2.7 

A comparison  was  made  of  mean  RTs  and  MRs  on  reversals  with  mean 
RTs  and  MRs  on  correct  responses,  by  axis.  Response  times  on  reversals 
were  significantly  shorter  than  correct  responses  on  pitch  (.35  vs.  .59 
sec.),  F (1,  26)  “ 98.07,  £ < .01  and  roll  (.48  vs.  .73  sec.), 
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F (1,  26)  = 51.29,  £ < .01.  Similarly,  MRs  on  reversals  were  signifi- 
cantly slower  than  torrect  responses  on  pitch  (.9  vs.  2. 8®/. 05  sec.), 

F (1,  26)  = 123.4,  £ < .01  and  roll  (3.6  vs.  5.0®/. 05  sec.), 

F (1,  27)  ® 13.7,  £ < .01.  There  were  no  significant  interactions. 

Correction  RTs  to  reversals  are  summarized  in  Table  7.  In  contrast 
to  correct  responses,  correction  RTs  failed  to  show  an  effect  due  to 
conditions,  F (2,  27)  • 2.03,  £ > .05.  There  was,  however,  a slight 
tendency  for  RTs  in  VO  to  be  longer  than  in  SAI  and  SAC  (.66,  .59,  and 
.53  sec.).  Experience  was  significant,  F (2,  27)  » 5.5,  £ >=  .01,  with 
pilots  showing  shorter  RTs,  followed  by  navigators  and  non-rated 
subjects  (.49,  .60,  and  .70  sec.).  A Newman-Keuis  test  revealed  that 
the  difference  was  between  pilots  and  non-pilots  (£  < .05)  as  was  the 
case  with  RTs  ^n  correct  responses.  Mean  correction  RT  to  pitch  was 
shorter  than  to  roll  (.53  vs.  .66  sec.),  F (I,  26)  - 8.08,  £ < .01. 

There  were  no  significant  interactions. 


TABLE  7 

Mean  Correction  Response  Times  (in  sec.)  to  Reversal  Errors 


Conditions 

Pitch 

Roll 

Pilots 

Navift. 

N-R 

Pilots 

Navig. 

N-R 

VO 

.51 

.50 

.51 

.61 

.77 

1.10 

SAI 

.48 

.73 

.49 

.49 

.66 

.70 

SAC 

.36 

.42 

.73 

.46 

.52 

.71 
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Correction  MRs  to  reversals  are  presented  in  Table  8.  There  was  a 
significant  effect  due  to  conditions,  F (2,  27)  * 3.54,  £ < .05  (2.8, 
4.0,  and  2. 7**/. 05  sec.  in  VO,  SAl,  and  SAC,  respectively).  A Newman- 
Keuls  test  revealed  that  SAl  resulted  in  significantly  faster  HRs  than 
VO  and  SAC  (£  < .05).  It  will  be  recalled  that  the  HRs  on  correct 
responses  did  not  result  in  a conditions  effect,  although  there  was  a 
tendency  for  SAl  to  result  in  slightly  faster  HRs.  As  with  correct 
responses,  experience  was  not  significant,  F (2,  27)  * .55,  £ > .05 
(3.4,  3.0,  and  2. 7**/. 05  sec.  on  pilots,  navigators,  and  non-rated, 
respectively),  but  axis  was,  P (1,  26)  • 57.11,  £ < .01,  with  pitch 
resulting  in  slower  HRs  than  roll  (2,3  vs.  4.0*/. 05  sec.). 

TABLE  8 

Nean  Correction  KoveiBonc  Rates  (in  */.05  sec.)  to  Reversal  Errors 


Conditions 

Pitch 

Roll 

Pilots 

HavlR. 

N-R 

Pilots 

Navift. 

„ N-R 

VO 

2.3 

1.7 

2.7 

3.5 

3.1 

3.7 

SAl 

3.5 

2.9 

2.6 

5.8 

4.3 

4.7 

SAC 

2.5 

1.3 

1,7 

3.3 

3.9 

3.5 

The  relationship  existing  between  RTs  and  HRs  on  reversal  errors 
MV*  the  RTs  and  HRs  required  to  correct  these  errors  in  each  condition, 
la  preaented  in  Figure "19.  Also  shown  In  the  figure  are  the  RTs  and 
HPn  on  correct  responses.  A cosq-vitison  was  euMle  of  nean  RTs  and  HRs  on 
corrections  to  reveraala  with  the  stean  RTs  and  HRs  on  correct  responses, 
by  axis,  to  detetttlne  whether  correction  RTs  and  HRs  approached  those 
ol  correct  responses.  The  aesn  tine  required  to  detect  and  correct  an 


93 


error  (l.e. , correction  time)  approached  that  of  correct  responses  as 
revealed  by  the  absence  of  significant  effects  on  pitch,  F (1,  26)  = 
2.48,  > .05  (.53  vs.  .59  sec.  on  correction  and  correct,  respectively) 

and  roll,  F (1,  27)  = 2.97,  £ > ,05  (.67  vs.  .73  sec.  on  correction  and 
correct,  respectively).  There  were  no  ai&nlficant  interactions  with 
conditions  and  experience  on  either  axis.  Unlike  correction  RTs, 
correction  MRs  to  pitch  were  significantly  slower  than  MRs  on  correct 
responses,  F (1,  26)  « 11.37,  £ < .01,  even  though  the  difference 
appeared  to  be  very  small  (2.3  vs.  2. 8**/. 05  sec.  on  correction  and 
correct,  respectively).  Similarly,  correction  5®s  to  roll  axis  stimuli 
were  slower  than  MRs  on  correct  responses,  F (1,  27)  * 17.87,  £ < .01 
(4.0* vs.  5.0*/. 05  see.  on  correction  and  correct,  respectively).  t1»ere 
was  a significant  Comlitions  X Response  (i.e. , correction  and  correct) 
interaction  on  both  pitch,  F (2,  26)  - 3.63,  £ < .05  and  roll,  F i2, 

27)  **  3.S7,  £ < .05.  Ute  Interaction  on  the  pitch  axis  was  due  to  the 
relatively  large  differences  between  correction  and  correct  Mfis  In  Vo 
and  SAC.  In  the  SAl  condition,  however,  correction  HR  approached  titat 
of  correct  responses  (3.0  vs.  2. 9*/. 05  sec.).  On  the  roll  axis, 
correction  HR  in  SAC  approached  that  of  correct  responses  (3.6  vs. 

3. 8*/. 05  sec.),  but  VO  and  SAl  did  not. 

in  summary,  the  effects  due  to  practice,  conditions,  experience, 
and  axis  on  reversal  errors  and  corrections  to  these  errors,  as  revealed 
by  Rt  and  MR  measures,  may  be  ctiaracteriaod  as  follows:  (1)  Practice 

did  not  have  an  effect  on  RTs  and  HRs  of  reversal  errors.  (2)  In 
contrast  to  correct  responses,  there  were  tw>  differences  in  mean  RTs 
and  HRs  among  conditions  on  cither  axis.  There  was  a tendency  for  V-) 
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to  result  in  longer  RTs  and  for  SAI  to  result  in  faster  MRs  (as  with 
correct  responses),  but  neither  was  statistically  significant.  (3)  In 
contrast  to  correct  responses,  there  were  no  differences  in  the  RTs  and 
MRs  among  experience  groups.  There  was  a tendency  for  pilots  to  respond 
with  shorter  RTs  than  non-pilots,  but  the  difference  was  not  significant. 
(4)  As  with  correct  responses,  RTs  on  reversals  were  shorter  to  pitch 
than  roll,  and  MRs  were  slower  to  pitch  than  roll.  (5)  Mean  RTs  on 
reversals  were  shorter  than  on  correct  responses  and  MRs  were  slower,  on 
both  axes.  (6)  Correction  RTs  to  reversals  did  not  show  an  effect  due 
to  conditions.  (There  was  a tendency  for  VO  to  result  in  shorter  RTs,  as 
was  found  on  correct  responses.)  In  contrast  to  RTs  on  reversals, 
correction  RTs  revealed  a significant  effect  due  to  experience,  with 
pilots  having  shorter  RTs  than  non-pilots.  Correction  RTs  to  pitch  were 
shorter  than  to  roll.  In  contrast  to  RTs,  conditions  had  a significant 
effect  on  MRs,  with  MR  being  faster  in  SAI  than  VO  and  SAC.  (This  finding 
is  similar  to  that  of  MRs  on  correct  responses  and  reversal  errors, 
although  the  latter  were  not  statistically  significant.)  Experience  had 
no  effect  on  MRs.  Finally,  correction  MRs  were  slower  to  pitch  than  roll. 
(7)  Correction  RTs  approached  those  of  correct  responses.  Wl»ile  there 
was  a consistent  trend  for  correction  RTs  to  be  somewhat  shorter  than 
RTs  on  correct  responses,  these  wore  not  statistically  significant  on 
either  axis.  In  contrast  to  RTs,  there  was  a significant  difference 
between  correction  MRs  ;.nd  MRs  on  correct  responses.  This  difference  was 
attributed  to  VO  and  SAC  on  the  pitch  axis  and  to  VO  and  SAI  on  the  roll 


axis. 
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Axis  errors.  Because  of  the  few  and  scattered  number  of  axis 
errors,  RTs  were  pooled  over  sessions  and  over  directionality  in  each 
axis.  Mean  RTs  on  axis  errors  are  shown  in  Table  9.  Unlike  reversal 
errors,  there  was  a significant  effect  due  to  conditions  F t2,  27)  = 

3.81,  £ < .05  (.42,  .35,  and  .33  sec.  in  VO,  SAI,  and  SAC,  respectively). 

A Newman-Keuls  test  of  the  means  revealed  that  mean  RT  in  VO  was  longer 
on  both  pitch  (£  < .05)  and  roll  (£  .05),  than  SAI  and  SAC  (.35,  .28, 

and  .28  sec.  on  pitch  and  .51,  .41,  and  .38  sec.  on  roll).  Like  reversal 
errors,  there  was  no  effect  due  to  experience,  F (2,  27)  ■ .52,  £ > .05 
(.35,  .38,  a*:..  38  sec.  on  pilots,  navigators,  and  non-rated,  respectively) 


TABLE  9 

Mean  Response  Times  (In  sec.)  on  Axis  Errors 


Conditions 

Pitch 

Roll 

pilots 

Navie. 

N-R 

Pilots 

N-R 

VO 

.30 

.33 

.42 

.47 

.62 

.44 

SAI 

.26 

.32 

,28 

.38 

.40 

.45 

SAC 

.28 

.24 

.34 

.42 

.38 

.36 

Axis  was  significant,  F (1,  25)  “ 21.48,  £ < .01,  with  pitch  r«sulting 
In  shorter  RTs  chan  roll  (.31  vs.  .43  sec.).  Similarly,  HRs  on  axis 
errors,  as  shown  in  Table  10,  differed  among  conditions,  F (2,  27)  • 
3.69,  £ < .05  (1.8,  1.1,  and  1.1*/. 05  sec.  In  VO,  SAI,  and  SAC, 
respectively),  but  there  was  a significant  Conditions  X Axis  inter- 
action, F (2,  25)  ■ 5.4,  £ < .05.  To  gain  a better  understanding  of 
this  interaction,  an  analysis  of  variance  was  carried  out  on  data  from 
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TABLE  10 

Mean  Movement  Rates  (in  “/.05  sec.)  on  Axis  Errors 


Conditions 

Pitch 

Roll 

Pilots 

Navig . 

N-R 

Pilots  Navig. 

N-R 

VO 

1.8 

2.7 

3,7 

.8  .9 

.6 

oAi 

i.2 

1.0 

2.2 

.7  .8 

1.2 

SAC 

1.6 

2.5 

1.0 

.4  .9 

.7 

each  axis.  Conditions  was  found  to  be  significant  on  the  pitch  axis, 

F (2,  25)  “ 6,5,  £ < .05,  but  not  on  roll  F (?,  27)  ■>  .99,  £ > ,05 
(2.8,  1.4,  and  1.7*/. 05  sec.  on  pitch  and  .7,  .9,  and  .8®/. 05  sc''.  on 
roll  in  VO,  SAI,  and  SAC,  respectively).  A Newman-Keuls  test .revealed 
that  VO  resulted  in  fester  MRs  than  SAI  and  SAC  on  the  pitch  axis,  but 
not  roll,  (Recall  that  RTs  on  axis  errors  were  longer  in  VO  than  SAI  and 
SAC  on  both  axes.)  Like  reversals  and  RTs  on  axis  errors,  experience  was 
not  significant,  P (2,  27)  ■1.77,  £ > .05  (1.1,  1.4,  and  1.5*/. 05  sec, 
on  pilots,  navigators  atid  non-rrated,  respectively).  Witlle  axis  was 
significant,  F (1,  25)  - 37.6,  £ < .01,  MRs  were  foster  on  pitch  tlmn 
roll  (1.9  vs.  .7*/. 05  sec.),  unlike  correct  responses  and  reversal  errors. 
It  must  be  recalled,  however,  that  an  axis  error  meant  that  the  control 
stick  deflection  to  a stiau.lus  in  the  pitch  axis  was  lateral.  The  ^tRs 
on  lateral  stick  have  been  found  to  be  typically  faster  ti^n  longitudinal 
ones. 

A comparison  was  made  of  RTs  and  MRs  on  axis  errors  with  RTs  and  MRs 
to  correct  responses  in  each  axis.  As  with  reversals,  RTs  on  axis  errors 
were  shorter  than  correct  responses  on  both  pitch,  F (1,  25)  ■ 129.2, 
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£ < .0-1  (.30  vs.  .59  sec.)  and  roll,  £ (1,  27)  = 177.59,  £ < .01  (.43 
va.  .73  sec.).  Similarly,  MRs  on  axis  errors  were  significantly  slower 
than  correct  responses  on  both  pitch,  _F  (1,  25)  = 11.49,  £ < .01  (1.9  vs. 
2.8*/. 05  sec.)  and  roll,  F (1,  27)  - 325.92,  £ < .01  (.7  vs.  5.0*/. 05 
sec. ) . 

Correction  RTs  to  axis  errors  are  summarized  in  Table  11.  Unlike 
correction  RTs  to  reversals,  where  only  a trend  was  npted,  there  was  a 
stgnificianfc  *if£\.s,t  due  to  conditions,  F (2,  27)  = 6.46,  £ < .01  (.83, 

.73,  and  .62  sec.  in  VO,  SAI,  and  SAC,  respectively).  An  analysis  by 


TABLE  11 

(lean  Correction  Response  Times  (in  sec.)  to  Axis  Errors 


Conditions 

Pitch 

Roll 

Pilots 

'!avlR. 

N-R 

Pilots 

Navig. 

N-R 

VO 

.60 

.73 

■»3 

.81 

1.12 

1.01 

SAI 

.52 

.85 

.65 

.57 

.96 

.84 

SAC 

.25 

.54 

.69 

.68 

.77 

.79 

axis  revealed  a pattern  similar  to  that  found  on  correct  responses. 
Conditions  was  significant  on  pitch,  F (2,  25)  ■ 5.38,  £ < .05  and 
roll,  F (2,  27)  - 4.85,  £ < .05  (.69,  .67,  and  .50  sec.  on  pitch  and 
.98,  .79,  and  .75  sec.  on  toll  in  VO,  SAI,  and  SAC,  respectively). 

A NeMsan-Keuls  test  shoved,  as  with  correct  responses,  tliat  t jan  RT  to 
pitch  in  SAC  vas  shorter  than  in  VO  and  SAX  (£  < .03),  but  there  was 
06  difference  between  the  latter  (£  > 05).  Similarly,  a Nevoan'^Keuls 
teat  on  mean  RT  on  the  coll  axis,  revealed  that  VO  resulted  in  longer 
RT  than  SAI  and  SAC  (£  < .05),  but  there  was  no  difference  between  the 
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latter  two  (£  > .05).  Experience  was  significant,  F (2,  27)  = 10.66, 

£ < .01  (.57,  .83,  and  .78  sec.  on  pilots,  navigators,  and  non-rated, 
respectively).  As  with  RTs  on  correct  responses  and  reversal  errors,  a 
Newman-Keuls  test  revealed  that  the  difference  was  between  pilots  and 
non-pilots  (£  < .05).  Finally,  correction  RT  to  pitch  was  shorter  than 
to  roll  (.62  vs.  .84  sec.),  F (1,  25)  = 44.63,  £ < .01.  There  were  no 
significant  interactions  with  conditions  and  experience. 

Correction  MRs  to  axis  errors  are  presented  in  Table  12.  Unlike 
correction  MRs  to  reversal  errors,  there  was  no  effect  due  to  conditions, 
F (2,  27)  =>  1.51,  £ > .05  (3.3,  4.0,  and  3.1"/. 05  sec.  in  VO,  SAI,  and 
SAC,  respectively).  Like  MRs  on  correct  responses,  there  was  a tendency, 

TABLE  12 

Mean  Correction  Movement  Rates  (in  "/.05  sec.)  to  Axis  Errors 


Conditlonj 

Pitch 

Roll 

Pilots 

NavlK. 

N-R 

Pilots 

Navis. 

N-R 

VO 

3.2 

1.8 

2.8 

4.4 

4.5 

2.9 

SAI 

3.3 

2.6 

2.6 

5.9 

4.3 

5.2 

SAC 

3.5 

1.7 

1.9 

3.6 

4.7 

3.1 

though  not  statistically  significant,  for  SAI  to  result  in  faster  MRs 
than  VO  and  SAC.  As  with  correction  HRs  to  reversal  errors  and  MRs  on 
correct  responses,  experience  was  not  significant,  F (2,  27)  1.6, 

£ > .05  (4.0,  3.3,  and  3.1®/, 05  sec.  on  pilots,  navigators,  and  non- 
rated,  respectively).  Axis  was  significant,  F (1,  24)  ■ 25.01, 

£ < .01,  with  pitch  resulting  in  slower  HRs  than  roll  (2.6  vs. 


4. 3“/. 05  sec.)>  as  was  found  on  correct  responses  and  correction  MRs 
to  reversal  errors.  It  will  be  recalled  that  MRs  on  axis  errors  were 
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faster  to  pitch  than  roll.  Upon  correction,  however,  control  stick 
deflections  corresponded  with  those  of  the  visual  stimuli.  This 
finding  suggests  that  the  axis  effect  found  on  MRs  of  axis  errors  was 
due  to  differential  muscular  forces  rather  than  to  conflict  with  the 
visual  stimulus  (l.e.,  lateral  stick  deflections  always  result  in  faster 
MRs  and  are  independent  of  the  visual  stimulus) . 

The  relationship  existing  between  RTs  and  MRs  on  axis  errors  and 
the  RTs  and  MRs  required  to  correct  these  errors  in  each  condition  is 
illustrated  in  Figure  20.  Also  shown  in  this  figure  are  the  RTs  and  MRs 
on  correct  responses.  A comparison  was  made  of  RTs  and  MRs  on  corrections 
to  axis  errors  with  RTs  and  MRs  on  correct  responses,  by  axis. 

Correction  RTs  to  the  pitch  axis  approached  those  of  correct  responses, 

£ (1,  25)  ■ 3.09,  £ > .05  (.62  vs.  .59  sec.).  On  the  roll  axis, 
correction  RTs  were  longer  than  RTs  on  correct  responses,  F (1,  27)  ■ 
47.29»  £ < .01  (.84  vs.  .73  sec.).  This  finding  contrasts  with 
correctlonsRIa  to  reversal  errors  in  which  correction  RTs  did  not  differ 
significantly  from  correct  RTs  on  either  axis,  but  there  was  a tendency 
for  corrections  to  be  shorter.  There  were  no  significant  Interactions 
pf  correct  vs.  correction  RTs  with  conditions  and  experience  on  either 
axis*  Like  RTs,  correction  MRs  to  pitch  approached  those  of  correct 
responses,  F (1,  25)  ■ 3.58,  £ > .05  (2.6  vs.  2. 8*/. 05  sec.). 

Correction  MRs  to  roll,  however,  were  slower  than  MRs  on  correct 
responses,  F (1,  26)  • 6.14,  £ < .03  (4.3  vs.  5.0“/. 05  sec.).  These 
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Figure  20.  Response  time  and  movement  rate  on  correct  responses 
axis  errors,  and  correction  to  errors  as  a function  of  conditions. 
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results  contrast  favorably  with  those  found  on  reversals  in  which 
correction  MRs  were  slower  than  correct  ones,  but  on  both  axes. 

In  summary,  the  effects  due  to  practice,  conditions,  experience, 
and  axis  on  axis  errors  and  corrections,  as  revealed  by  RT  and  MR  * 
measures,  may  be  characterized  as  follows:  (1)  Although  analyses  were 

not  carried  out  to  determine  the  effects  of  practice  on  RTs  and  MRs  on 
axis  errors,  there  were  no  observable  trends.  (2)  The  VO  condition 
resulted  in  longer  RTs  on  both  pitch  and  roll  than  SAI  and  SAC.  These 
results  are  similar  to  those  of  RTs  on  correct  responses  to  roll  axis 
stimuli.  While  reversal  responses  did  not  show  an  effect  due  to  condi- 
tions, there  was  a tendency  for  VO  to  result  in  slower  RTs.  Movement 
rate  was  faster  in  VO  than  SAI  and  SAC,  but  this  was  limited  to  the 
pitch  axis.  (On  both  correct  responses  and  reversal  errors,  there  was  a 
tendency  for  MR  to  be  faster  in  SAI.)  (3)  As  was  found  on  reversal 
errors,  RTs  and  MRs  did  not  result  in  differential  effects  due  to 
experience.  (4)  Response  time  on  axis  errors  was  shorter  to  pitch  than 
roll.  In  contrast  to  correct  responses  and  reversal  errors,  MRs  were 
faster  to  pitch  than  roll.  (5)  As  with  reversals,  RTs  on  axis  errors 
were  shorter  than  on  correct  responses  and  MRs  were  slower,  on  both 
axes.  (6)  Correction  RTs  to  axis  errors  showed  an  effect  due  to 
conditions.  The  pattern  was  similar  to  correct  responses,  in  which  SAC 
RT  was  shorter  than  VO  and  SAI  on  pitch,  and  RT  to  VO  was  longer  than 
to  SAI  and  SAC  on  roll.  A similar  pattern,  though  not  statistically 
significant,  was  found  on  correction  RTs  to  reversals.  In  contrast  to 
axis  errors,  RTs  to  the  corrections  resulted  in  a significant  effect 
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due  to  experience,  with  pilots  having  shorter  RTs  than  non-pilots. 
Correction  RTs  to  pitch  were  shorter  than  to  roll.  In  contrast  to  RTs, 
there  was  no  effect  on  correction  MRs  due  to  conditions,  although  there 
was  a tendency  for  MRs  to  be  faster  in  SAI  than  VO  and  SAC.  (This  finding 
compares  favorably  with  MRs  on  correct  responses  and  reversal  errors.  It 
will  be  recalled  that  correction  MRs  to  reversals  were  significantly 
faster  ,in  SAI.)  As  found  with  correct  responses  and  correction  MRs  to 
reversals,  there  was  no  effect  due  to  experience.  Correction  MRs  were 
slower  on  pitch  than  roll.  (7)  Correction  RTs  approached  those  of  correct 
responses  to  pitch,  but  not  roll.  In  both  cases,  however,  correction  RTs 
were  longer.  Similarly,  correction  MRs  approached  those  of  correct 
responses  on  pitch,  but  not  roll.  In  both  cases,  however,  correction 
MRs  were  slower  than  MRs  on  correct  responses. 

Motion  Only  (MO) 

Responses  to  motion  in  an  environment  In  which  no  visual  stimuli 
(trials)  occurred  were,  by  definition,  error  responses.  Nevertheless, 
subjects  In  all  experience  groups  occasionally  responded  to  motion 
inputs  in  this  condition.  The  question  addressed  here  is  whether  the 
characteristics  of  the  responses  that  were  made  followed  8imilar» 
patterns  to  those  in  other  conditions.  Two  types  of  responses  were 
possible:  ’’consistent"  and  ’’inconsistent.”  A ’’consistent”  response  was 

one  in  which  axis  and  directionality  of  a control  stick  deflection  was 
I commensurate  with  the  expected  response  to  the  specific  motion  function. 

I 

I Thus,  a roll  right  motion  wotxld  be  responded  to  with  a control  stick 

I deflection  to  the  left.  An  "inconsistent”  response  was  one  in  which  the 
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control  stick  deflection  was  not  commensurate  with  motion  in  axis  and/or 
directionality.  The  analysis  presented  here  is  limited  to  "consistent" 
responses . 

The  relatively  low  number  of  responses  to  this  condition  (see 
Appendix  F)  precluded  the  possibility  of  determining  effects  of  practice 
on  RTs  and  MRs.  Of  greater  concern  was  the  pattern  of  responses.  Mean 
RTs  and  MRs  are  presented  in  Table  13.  In  contrast  to  VO,  SAI,  and  SAC, 
there  were  no  differential  effects  due  to  experience,  F (2,  9)  = 1.88, 

> .05,  or  axis,  ^ (1,  9)  = 2.88,  £ > .05.  Similarly,  MRs  did  not 
differ  among  experience  groups,  F (2,  9)  ■ 1.24,  £ > .05.  There  was, 
however,  the  typical  axis  effect,  F (1,  9)  ■ 7.47,  £ < .01  in  which 
MRs  to  pitch  were  slower  than  to  rolx  (.5  va.  2.1®/. 05  sec.). 

TABLE  13 

Mean  Response  Times  (in  sec.)  and  Movement  Rates  (in  ®/.05  sec.)  in  MO 


Experience  groups 

Pitch 

Roll 

RT 

MR 

RT 

MR 

Pilots 

.44 

.5 

.49 

1.2 

Navigators 

.40 

.7 

.28 

3.2 

Non-rated 

.52 

.4 

.37 

1.9 

In  summary,  the  results  obtained  on  RT  and  MR  measures  were  some- 
what Inconclusive.  Obviously,  the  subjects  in  all  experience  groups 
responded  to  MO  trials,  but  in  the  absence  of  visual  stimuli  the 
responses  did  not  differ  among  these  groups  as  might  have  been  expected. 
Whether  these  results  were  due  to  the  absence  of  visual  stimuli  is 
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difficult  to  ascertain.  Possible  avenues  of  interpretation  will  be 
explored  later,  under  Error  Rates. 

Double  Axis  Incompatible  (DAI) 

As  will  be  recalled,  the  DAI  condition  was  experienced  by  pilots 
only.  Accordingly,  two  sets  of  analyses  of  variance  were  carried  out 
on  the  data.  The  first  was  limited  to  a within  subjects  design  that 
treated  this  condition  as  a separate  experiment.  The  second  set  of 
analyses  compared  DAI  to  VO,  SAI,  and  SAG  on  pilot  data  only. 

Correct  responses.  As  found  to  be  typical  in  all  conditions  and 
experience  groups,  practice  did  not  have  an  effect  on  RT,  F (3,  9)  ■ 

.02,  £ > .05.  Response  time  to  pitch  was  shorter  than  to  roll,  F (1,  3) 
23.02,  £ < .05  (.58  vs.  .73  sec.).  As  shown  in  Table  14,  the  effect  of 
presenting  motion  cues  that  differ  in  axis  from  the  visual  ones,  is 
to  lengthen  RTs  on  both  axes.  A comparative  analysis  of  RTs  in  DAI 

TABLE  14 

Mean  Response  Times  (in  sec.)  and  Movement  Rates  (in  **/.05  sec.) 
on  Correct  Responses  by  Pilots 


Conditions 


Pitch  Roll 


RT 

MR 

RT 

MR 

VO 

.57 

3.1 

.70 

5.1 

SAI 

.51 

3.3 

.58 

5.8 

SAC 

.48 

3.0 

.54 

3.9 

DAI 

.58 

2.1 

.73 

4.0 

with  those  of  VO,  SAI  and  SAC  on  pilots  resulted  in  a significant 
effect  due  to  conditions  on  pitch,  F (3,  12)  = 4.34,  £ < .05  and  roll, 

F (3,  12)  ■ 5.14,  £ < .05.  Newman-Keuls  tests  revealed  that  RTs  in  DAI 
did  not  differ  from  VO  and  SAI  on  pitch  (£  > .05)  and  from  VO  oa  roll 
(£  > .05). 

As  with  RTs  practice  did  not  have  an  effect  on  MRs,  F (3,  9)  « 1.11, 
£ > .05.  The  typical  axis  effect  was  not  significant,  F ■ (1,  3)  ■ 5.5, 
£ > .05,  although  there  was  a strong  tendency  for  MRs  to  pitch  to  be 
slower  than  to  roll  (2.1  vs.  4.0"/.05  sec.).  A comparative  analysis  of 
MRs  in  SAI  ‘With  VO,  SAI,  and  SAC  (see  Table  14)  revealed  that  there  was 
no  effect  due  to  conditions  on  pitch,  F (3,  12)  » 1.0,  £ > .05  or  roll, 

P (3.  12)  - 1.2,  £ > .05. 

Reversal  errors.  The  scattered  and  relativel:’  few  reversal  errors 
made  In  DAI  prevented  the  possibility  of  determining  the  effects  of 
practice  on  RT.  With  sessions  pooled,  RTs  on  reversals  were  slightly 
faster  to  pitch  than  roll  (.33  vs.  .36),  but  the  difference  was  not 
significant,  F (1,  3)  * 1.0,  £ > .05.  A comparative  analysis  of  RTs 
(see  ^able  IS)  In  DAI  with  VO,  SAI,  and  SAC  on  pilots  did  not  result  in 
a significant  effect  due  to  conditions  on  pitch,  F (3,  12)  « 2.2, 

£ > .05  or  roll,  P (3,  12)  • .37,  £ > .05.  A comparison  of  RT  on 
reversals  with  those  on  correct  responses,  revealed  that  the  former 
was  shorter,  (.35  vs.  .65  sec.),  F (1,  3)  ••  11.1,  £ < .05  (with  axis 
pooled).  Correction  RTs  to  reversals  in  DAI  resulted  In  the  typical 
axis  effect,  F (1,  3)  142.1,  £ < .05  (.45  vs.  .62  sec.  on  pitch  and 

roll,  respectively).  A comparative  analysis  of  correction  RTs  (see 
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TABLE  15 

Mean  Response  Times  (In  sec.)  and  Movement  Rates  (in  */.05  sec.) 
on  Reversal  Errors  by  Pilots 


Conditions 

Pitch 

Roll 

RT 

MR 

RT 

MR 

VO 

.38 

1.4 

.48 

3.1 

SAI 

.37 

1.3 

.43 

5.1 

SAC 

.24 

.5 

.35 

2.0 

DAI 

.33 

.7 

.38 

2.8 

Table  16)  In  DAI  with  RTs  in  VO,  SAl,  and  SAC,  resulted  in  a significant 
effect  due  to  axis,  F (1,  11)  ■ 6.36,  £ < .05,  but  conditions  was  not 
significant,  F (3,  12)  «■  1.14,  £ > .03.  As  was  found  on  correct 
responses,  howevet',  there  was  a tendency  for  correction  RTs  to  bo 
relatively  long  and  not  to  differ  from  VO  and  SAI  on  pitch  and  from  VO 
on  roll.  Finally,  correction  RT  approached  that  of  correct  responses, 

JP  (1,  3)  * 6.3,  £ > .05  (.54  vs.  .65  sec.,  with  axis  pooled). 

TABLE  16 

Mean  Correction  Response  Times  (in  sec.)  and  Movement  Ratea 
(in  */.0S  sec.)  to  Reversal  Errora  by  Pllota 


Conditions 


Pitch 


Roll 


RT 

HR 

RT 

HR 

VO 

.51 

2.3 

.61 

3.5 

SAI 

,48 

3.5 

.49 

5.8 

SAC 

.36 

2.6 

.46 

3.3 
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As  vlth  KTs,  the  effects  of  practice  on  MRe  on  reversal  errors 
vece  not  determined.  With  sessions  pooled,  axis  was  not  significant, 

F,  (1*  3)  * 6.2,  £ * .09,  although  there  was  a strong  tendency  for  pitch 
to  result  in  slower  MR  than  roll  (.7  vs.  2. 8®/. 05  sec.).  A comparative 
analysis  of  MRs  (see  Table  15)  in  DAI  with  those  of  VO,  SAI,  and  SAC 
on  pilots  failed  to  result  in  a significant  effect  due  to  conditions 
on  pitch,  F (3,  12)  • 1.0,  £ > .05  u\d  roll,  F (3,  11)  « 1.2,  £ > .05. 

A C(»q)arlson  of  MRs  on  reversal  errors  with  those  on  correct  responses 
in  DAI,  revealed  that  MRs  on  reversals  were  slower  .han  on  correct 
responses,  F (1,  3)  • 31.95,  £ • ,010  (1.6  vs.  3. I*/. 05  sec.,  with 
axis  pooled).  Correction  MRs  to  reversals  In  DAI  did  not  result  in 
the  typical  axis  effect,  F (1,  3)  <■  I.l,  £ ^ .05,  but  there  was  a 
tendency  for  pitch  to  result  in  slower  MRs  than  roll  (1.7  vs.  2. 3*/. 05 
sec.}.  A comparative  analysis  of  correction  MRs  (see  table  16)  In  DAl 
with  those  la  VO,  SAI,  and  SAC  on  pilots,  resulted  in  a sijsnif leant 
effect  due  to  axis,  P (1,  11)  23.3,  £ < .01  and  conditions  P (3,  12) 

4.7.  £ < .05.  the  significant  cottditlons  effect  was  doe  to  faster 
correction  MRs  in  SAI  than  VO,  SAC  and  DAl  (£  < .05)  and  there  were 
no  differencea  between  tits  latter  three  conditions.  Correction  MRs 
to  revei:^al  errors  did  not  approach  those  of  correct  responses, 

P (1,  3)  * 22.8,  £ < .05,  with  correction  responses  reaaialng  slower 
than  correct  ones  (1.9  vs.  3.1*/. 05  sec.  with  axis  pooled). 

Axis  errors.  Prscticc  did  not  have  an  effect  on  RTs  of  axis  errors 
in  DAX,  P (3,  9)  • .05,  £ > .05.  Although  RTs  to  pitch  were  slightly 
shorter  than  to  roll,  the  difference  was  not  significant,  F (1,  3) 
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2.8,  2 > .05  (.44  vs.  .49  sec.).  A comparative  analysis* of  RTs  (see 
Table  17)  in  DAI  with  those  of  VO,  SAI,  and  SAC  on  pilots,  resulted  in 
a significant  effect  due  to  conditions  on  pitch,  F (3,  11)  = 10.7, 

2 < .01,  but  not  roll,  F (3,  12)  =.9,‘2  >..05.  The  significant  effect 
on  pitch  was  due  to  the  longer  RTs  in  DAI  than  VO,  SAI  and  SAC 

TABLE  17 

Mean  Response  Times  (in  sec.)  and  Movement  Rates  (in  °/.05  sec.) 

on  Axis  Errors  by  Pilots 


Conditions 

Pi  tch 

Roll 

RT 

MR 

RT 

MR 

VO 

.30 

1.9 

.48 

.8 

SAI 

.26 

1.2 

.37 

.7 

SAC 

.28 

1.6 

.42 

.4 

DAI 

.43 

4.1 

.49 

1.2 

(2  .05)  as  revealed  by  the  Newman-Keuls  test.  A comparison  of  RTs 

on  axis  errors  with  those  on  correct  responses  in  DAI  showed  that  the 
former  were  shorter,  F (1,  3)  9.97,  £ -05  (.46  vs.  .65  sec.,  with 

axis  pooled) . Correction  R'Is  to  axis  errors  in  DAI  resulted  in  the 
typical  axis  effect,  F (1,  3)  - 23.43,  2 *05,  with  pitch  resulting 

in  shorter  RT  than  roll  (.62  vs.  .84  sec.).  A cmnparatlve  analysis 
of  correction  RTs  (see  Table  18)  in  DAI  with  those  of  VO,  SAI,  and  SAC 
on  pilots  resisted  in  the  usual  axis  effect,  F (1,  11)  « 73.43,  £ < .01 
and  conditions  was  significant,  F (3,  12)  ■ 20.84,  £ < .01. 

Correction  RTs  in  DAI  did  not  differ  from  VO  on  either  pitch  (£  > .05) 
or  roll  (2  > .05)  as  revealed  by  the  Newman-Keuls  test.  Finally, 
correction  RTs  approached  those  of  correct  responses  on  pitch. 
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^ (1,  3)  = 1.31,  £ > .05  (.61  vs.  .56  sec.)  and  roll,  F (1,  3)  = 2.18, 

£ > .05  (.84  vs.  .73  sec.). 

Practice  did  not  have  an  effect  on  MRs  of  axis  errors,  F (3,  9)  = 
.54,  £ > .05.  Movement  rates  to  pitch  were  faster  than  tc  roll,  F (1,  3) 
“ 19.73,  £ = ,02  (4.1  vs.  1.2“/. 05  sec.)  as  found  to  be  typical  of  axis 
errors.  A comparative  analysis  of  MRs  (see  Table  17)  in  DAI  with  those 
of  VO,  SAI,  and  SAC  did  pot  result  in  a significant  effect  due  to 
conditions  on  either  pitch,  F (3,  11)  » 3.55,  £ = .051  or  roll,  F (3,  12) 
« 2,49,  £ > .05.  There  was,  however,  a tendency  for  MRs  in  DAI  to  be 
faster  than  in  the  other  conditions,  particularly  on  the  pitch  axis. 

A comparison  of  HRs  on  axis  errors  with  tlu>se  of  correct  responses  did 
not  result  in  significance,  F (1,  3)  ■ ,34,  £ > ,05  (2.6  vs.  3.0"/, 05 
sec.).  Correction  MRs  to  axis  errors  in  DAI  resulted  in  the  typical 
axis  effect,  F (1,  3)  ■ 30.4,  £ < .05  with  MRs  to  pitch  being  slower 
than  to  roll  (1.7  vs.  3. 8®/. 05  sec.).  A comparati»e  analysis  of 
correction  HRs  (see  table  18)  In  DAI  with  those  of  VO,  SAI,  and  SAC  on 

TABLE  18 

Mean  Correction  Response  times  (in  sec.)  and  )iovenent  Rates 
(in  ®/.05  sec.)  to  Axis  Errors  by  Pilots 


Conditions 


Pitch 


Roll 


Rt 

MR 

RT 

VO 

.60 

3.2 

.81 

4.4 

SAI 

.52 

3.3 

.57 

5.9 

SAC 

.25 

4.7 

.68 

5.5 

DAI 

.62 

1.6 

.84 

3.8 
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pilots  did  not  result  in  a significant  effect  due  to  conditions, 

F (3,  12)  = 2.1,  2 ^ .05.  There  was,  however,  the  usual  axis  effect, 

F (1,  12)  = 5.35,  2 < .05,  with  MRs  to  pitch  being  slower  than  to  roll 
(3.2  vs.  4. 9*/. 05  sec.).  Finally,  correction  MRs  approach  those  of 
correct  responses  cn  pitch,  F (1,  3)  * .69,  2 ^ *05  (2.9  and  2. 8®/. 05 
sec.)  and  roll,  F (1,  3)  = .18,  £ > .05  (4.7  vs.  4. 5“/. 05  sec,). 

•In  summary,  the  effects  due  to  SAI  on  pilots,  as  revealed  by  RT 
and  MR  measures,  may  be  characterized  as  follows:  (1)  Practice  did 

not  have  an  effect  on  RTs  and  MRs  on  correct  responses  and  on  axis 
errors.  Possible  effects  on  reversals  were  not  determined,  but  there 
were  no  observable  trends.  (2)  Response  times  to  pitch  on  correct 
responses  were  shorter  than  to  roll  and  MRs  tended  to  be  slower.  There 
also  was  a tendency  for  this  same  relationship  to  exist  on  reversal 
errors.  Similarly,  there  was  a tendency  for  RTs  on  axis  errors  to  be 
shorter  to  pitch  than  roll,  but  the  difference  was  not  significant.  In 
contrast  to  reversals,  MRs  on  axis  errors  were  faster  to  pitch  than  to 
roll.  (3)  Response  times  on  reversal  errors  were  shorter  than  to 
correct  responses  and  MRs  were  slower.  Response  times  on  axis  errors 
were  shorter  than  on  correct  ones,  and  MRs  tended  to  be  slower,  but  this 
difference  wns  not  significant.  (4)  Correction  RTs  to  reversals  were 
shot  ter  to  pitch  than  to  roll  and  MRs  tended  to  be  slower.  .Similarly, 
correc  A t RTs  to  axis  errors  were  shorter  to  pitch  and  MRa  were  slower. 
(5)  Corrcc-ion  RTs  to  reversals  aporoached  those  of  correct  responses, 
but  the  MRS  were  slgnificantlv  slower.  Correction  RTs  and  MRs  to  axis  , 
errors  approached  ttiose  of  correct  responses.  (6)  Response  times  on 
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correct  responses  in  DAI  did  not  differ  from  VO  and  SAI  on  pitch  and 
from  VO  on  roll.  Movement  rates  on  correct  responses  did  not  differ 
among  conditions  on  either  axis.  These  results  compare  favorably  with 
those  found  on  correct  responses  by  the  other  experience  groups. 
Similarly,  RTs  and  MRs  on  reversals  did  not  result  in  an  effect  due  to 
conditions  on  either  axis.  Correction  Rl's  to  reversals  did  not  differ 
among  conditions,  but  MRs  were  faster  in  SAI.  Response  times  on  axis 
errors  resulted  in  a significant  conditions  effect  on  pitch,  but  not 
roll  (RTs  in  DAI  were  longer  than  in  the  other  conditions  on  the  pitch 
axis).  Response  times  on  axis  errors  did  not  differ  among  conditions  on 
either  axis.  Correction  RTs  to  axis  errors  resulted  in  a significant 
conditions  effect.  Response  times  in  DAI  did  not  differ  from  VO  on 
either  axis.  Correction  MRs  did  not  differ  among  conditions. 

Amendment  Time 

Amendment  time  was  defined  as  the  period  needed  by  the  subject  to 
detect  his  own  error.  This  measure  was  computed  by  subtracting  the 
mean  initial  RT  on  reversal  errors  from  the  mean  correction  RT  to  these 
errors.  In  other  words,  amendment  time  is  the  time  interval  between 
the  onset  of  an  error  response  and  the  onset  of  the  correction  response 
to  the  error,  as  defined  in  the  Experimental  Procedure. 

There  v^re  two  major  questions  that  stimulated  the  analysis  of 
amendment  time  data.  The  first  asked  whether  the  previous  experience 
of  subjects  influenced  the  amount  of  time  needed  to  detect  an  error. 

The  second  was  related  to  a possible  reduction  of  error  detection  time 


with  practice.  As  will  be  recalled,  the  analysis  was  limited  to  the 
reversal  errors  made  by  the  three  experience  groups  in  SAI.  The  mean 
amendment  times  on  each  of  these  groups,  over  sessions,  are  presented 
in  Table  19.  Experience  failed  to  reach  significance,  F (2,  8)  - 1.8, 
£ > .05,  although  there  was  a strong  tendency  for  pilots  to  detect 
errors  more  rapidly  than  navigators  and  non-rated  subjects  (.10,  .24, 
and  .20). 


TABLE  19 

Mean  Amendment  Times  (in  sec.)^ 


Experience 

groups 

Sessions 

Pitch 

Roll 

1 

2 

3 

4 

1 

2 

3 

4 

Pilots 

.18 

.11 

.07 

.07 

.18 

.10 

.10 

.05 

Navigators 

.13 

.41 

,19 

.15 

.33 

.18 

.11 

.08 

Non-rated 

.13 

.17 

.18 

.06 

.29 

.13 

.29 

.13 

^A  .05  sec.  update  lag  between  control  input  and  the  response  on 
the  visual  monitor  was  subtracted  from  the  raw  data. 


To  test  the  possibility  that  practice  had  an  effect  on  amendment 
time,  Independent  analyses  of  variance  were  carried  out  on  data  from 
each  experience  group.  The  results  revealed  that  pilots  detected  their 
errors  more  rapidly  with  practice,  F (3,  9)  ■ 18.3,  £ <•  .01.  Although 
there  was  a tendency  for  navigator  amendment  times  to  shorten  with 
practice,  the  analysis  of  these  data  failed  to  reach  significance, 

F (3,  9)  • 1.2,  £ > .05.  Similarly,  practice  tended  to  have  an  effect 
on  amendment  times  of  non-rated  subjects,  but  the  reduction  did  not 
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approach  significance,  F (3,  9)  = 1.2,  £ > .05.  Amendment  times  were 
about  the  same  on  both  pitch  and  roll  for  each  experience  group  and 
there  were  no  significant  interactions  with  practice. 

The  mean  amendment  times  presented  in  Table  19  compare  favorably 
with  those  reported  by  Higgins  and  Angel  (1970) . These  investigators 
found  that  error  correction  time  (i.e. , amendment  time)  ranged  from 
83  to  122  msec.  Similarly,  Gibbs  (1965)  found  a significant  reduction 
in  error  correction  time  with  practice  (.24  vs.  .11  sec.  for  early  and 
late  practice,  respectively).  While  only  pilot  data  revealed  u 
significant  reduction,  amendment  times  (with  axis  pooled)  in  the  present 
investigation  (.18  vs.  .05  sec.  in  Sessions  1 and  4,  respectively),  were 
similar  to  those  reported  by  Gibbs.  That  pilots  were  able  to  reduce 
significantly  the  time  needed  to  detect  errors,  in  contrast  to  non- 
pilots, may  have  been  due  to  their  previously  learned  tracking  skills. 
Some  evidence  for  this  assumption  was  found  in  the  tendency  for  pilot 
amendment  times  to  be  shorter  than  those  of  non-pilots,  even  though 
the  differences  were  not  statistically  significant. 

Error  Rates 

Previous  analyses  revealed  that  RTs  and  MRs  were  independent  of 
practice,  but  not  co?tditions,  experience,  and  axis.  The  intent  of  the 
present  analyses  was  to  determine  whether  similar  effects  existed  in 
the  proportion  of  revers'd  and  axis  errors  made  by  the  three  experi- 
ence groups  tested  in  this  investigation. 


visual  Only  (VO)  versus  Single  Axis  Incompatible  (SAI) 
versus  Single  Axis  Compatible  (SAC) 

Reversal  errors.  The  first  set  of  analyses  considered  the  possible 
effects  of  practice  on  the  proportion  of  reversal  errors  made  by  the 
subjects.  Nine  within  groups  analyses  of  variance  were  carried  out  on 
the  proportion  of  reversal  errors  made  over  sessions,  with  axis  pooled. 
The  detailed  results  of  the  analyses  are  presented  In  Appendix  I.  As 
noted  from  the  proportions  presented  in  Table  20,  reversal  errors 

TABLE  20 

Proportion  of  Reversal  Errors  as  a Function  of  Sessions 


Sessions 


Conditions 

Experience 

groups 

Pitch 

Roll 

1 

2 

3 

4 

X 

1 

2 

3 

4 

X 

Pilots 

,10 

.10 

.03 

.07 

.08 

.16 

.11 

.09 

.11 

.12 

VO 

Navigators® 

.10 

.13 

.03 

.08 

.09 

.18 

.'24 

.04 

.04 

.13 

Non-rated 

.10 

.07 

.08 

.08 

.08 

.23 

.16 

.12 

.11 

.16 

X 

i 

.10 

.10 

.05 

.08 

,19 

.17 

CO 

o 

• 

.09 

1 

Pilots® 

.39 

.22 

.09 

.09 

.20 

.54 

.52 

.29 

.28 

.40 

SAI 

Navigators^! 

.34 

.11 

.20 

.12 

.20 

.36 

.33 

.13 

.09 

.23 

Non-rated® 

.36 

.19 

.20 

.15 

.23 

.34 

.27 

.18 

.23 

.25 

X 

.36 

.17 

.16 

.12 

.41 

.37 

.20 

.20 

Pilots 

.05 

.06 

.05 

.03 

.05 

.06 

.03 

.05 

^02 

.04 

SAC 

Navigators 

.11 

.06 

.09 

.08 

.09 

.14 

.04 

.07 

.04 

.07 

Non-rated 

.13 

.11 

.11 

.07 

.11 

.08 

.09 

.04 

.04 

.06 

X 

.10 

.08 

.08 

.06 

.09 

,05 

.05 

.03 

X 


.09  ,05  .05  .03 
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declined  significantly  with  practice  in  the  SAI  condition.  Table  21 
reveals  that  most  of  the  learning  effects  in  SAI  occurred  in  the  first 
session  on  the  pitch  axis  and  by  the  second  session  on  roll.  With  the 
exception  of  navigators  in  VO,  sessions  was  not  a significant  factor 
in  VO  and  SAC.  An  examination  of  Table  20,  however,  will  reveal  that 
there  was  a tendency  for  all  groups  to  make  less  errors  with  pr.--  tice. 
Again,  with  the  exception  of  navigators  in  VO,  axis  was  not  significant 
and  there  were  no  Sessions  X Axis  interactions  in  any  of  the  nine 
analyses  (see  Appendix  I) . 

TABLE  21 

Percent  Differences  in  Reversal  Errors  Between  Sessions® 


Session  differences 


Experience 

groups 

Pitch 

Roll 

(l)-(2) 

.(l)-(3)._ 

(l)-(4) 

(l)-(3) 

-LU-.W- 

Pilots 

17 

30 

30 

2 

25 

26 

Nev? "ators 

23 

14 

22 

3 

23 

27 

Nun- rated 

17 

16 

21 

7 

16 

11 

®Data  obtained  from  Table  20,  Condition  SAI. 

A between  groups  analysis  of  variance  resulted  in  a significant 
effect  due  to  conditions,  F (2,  27)  = 19.59,  £ < .01  (.11,  .25,  and 
.07  in  VO,  SAI,  and  SAC,  respectively)  and  axis,  F (1,  27)  ■ 7.3, 

£ < .05  (.12  vs.  ,16  on  pitch  and  roll,  respectively).  As  expected, 
incompatible  visual-motion  relationships  resulted  in  a greater 
proportion  of  reversal  errors.  Although  there  was  a tendency  for 
subjects  in  VO  to  make  more  reversal  errors  than  in  SAC,  a Neuman-Keula 
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test  revealed  that  there  was  no  difference  between  the  two  (£  > .05). 
Experience  was  not  a significant  factor,  (2,  27)  = .15,  £ > .05  (.14, 
.13,  and  .15  on  pilots,  naviga':ors,  and  non-rated,  respectively).  It 
had  been  expected  that  the  experience  of  pilots  on  compatible  visual- 
motion  relationships  would  result  in  having  this  group  make  a greater 
proportion  of  errors  in  SAI  than  non-pilots,  but  the  Conditions  X 
Experience  interaction  was  not  significant,  F (4,  27)  = .91,  £ > .05. 
Upon  further  examination  of  Table  20,  however,  it  will  be  noted  that 
the  proportion  of  errors  made  by  pilots  in  SAI  on  the  pitch  axis  is 
greater  than  that  of  non-pilots  in  the  first  session  and  in  all  sessions 
on  the  roll  axis.  This  finding  suggested  a possible  Experience  X 
Sessions  interaction  on  the  roll  axis  data,  and  possibly  on  the  pitch 
axis.  To  test  this  possibility  separate  analyses  of  variance  were 
carried  out  on  pitch  and  roll  data  in  the  SAI  condition.  Neither  of 
the  expected  interactions  was  significant;  F (6,  27)  “ .71,  £ > .05 
on  pitch  and,  F (6,  27)  » 1.1,  £ > .05  on  roll.  A possibility  existed, 
however,  that  the  relationship  between  previous  experience  and  the 
amount  of  practice  was  not  linear.  An  analysis  of  the  linear  and 
quadratic  components  on  roll  axis  data  revealed  that  the  relationship 
was  linear,  F (1,  27)  = 46.67,  £ < .01  and  the  Experience  X Sessions 
interaction  was  not  significant,  F (3,  27)  = 1.86,  £ >• .05.  In  view 
of  these  results,  it  must  be  concluded  that  experience  did  not  have 
an  effect  on  the  amount  of  reversal  errors  made  by  subjects  as 
determined  by  the  usual  statistical  tests.  Nevertheless,  the  differ- 
ences shown  in  Table  20  were  deemed  of  sufficient  importance  to  warrant 
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further  investigation.  To  this  end,  the  omega  squared  (o)^)  index 
(Hays,  1963,  p.  323),  a descriptive  statistic,  was  applied  to  the  data 
obtained  from  the  three  experience  groups  in  SAI.  This  analysis  was 
limited  to  roll  axis  data  where  the  differences  among  groups  was 
greatest.  This  index  reflects  the  strength  of  assotiation  that  exists 
between  independent  and  dependent  variables . In  this  respect  is 
similar  to  a correlation  ratio.  This  index,  however,  can  be  applied 
to  estimate  the  strength  of  association  suggested  by  the  differences 
in  two  means.  In  the  present  analysis,  a large  would  imply  that  a 
difference  existed  between  the  proportion  of  reversal  errors  obtained 
on  two  experience  groups  in  a particular  session.  The  estimated  to^s 
are  presented  in  Table  22  together  with  the  differences  between  means 
of  proportions  from  which  (u^s  were  computed.  An  examination  of  this 
table  will  show  that  the  difference  between  pilots  and  navigators  in 
the  first  experimental  session  was  .17  (l.e.,  pilots  made  17  percent 
more  errors  than  navigators  in  Session  1).  The  difference  in  experi- 
ence between  pilots  and  navigators  accounted  for  about  9 percent  of 
the  variance  of  their  performance  in  Session  1.  While  this  particular 
association  is  weak,  the  total  pattern  presented  in  Table  22  is 
noteworthy.  The  differences  in  experience  between  pilots  and  navigators 
accounted  for  some  of  the  variance  in  all  sessions,  but  especially  the 
last.  A similar  association  existed  between  pilots  and  non-rated 
subjects,  but  was  limited  to  the  first  two  sessions.  Except  for  the 
last  session,  no  difference  existed  between  navigators  and  non-rated 
subjects.  It  will  be  noted  that  the  differences  in  proportions  of 
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TABLE  22 

Omega  Squared  and  Differences  Between  Means  of  Reversal  Error 
Proportions  for  Each  Experience  Group  Pair  on 
Roll  Axis  Data  in  SAI 


Sessions 

Pilots 

vs. 

Navigators 

Pilots 

vs. 

Non-rated 

Navigators 

vs. 

Non-rated 

(Xi)^-(X2)‘’ 

(1)^ 

(Xi)-(X3)^ 

(;)2  (X2)-(X3) 

1 

1 

.087 

.17 

.100 

.20 

0 .02 

2 

.091 

.20 

.149 

.25 

0 .06 

3 

.090 

.16 

0 

.11 

0 -.05 

4 

.270 

.19 

0 

.05 

.34  -.14 

= proportion  of  errors  by  pilots 
'’X2  = proportion  of  errors  by  navigators 
^X3  = proportion  of  errors  by  non-rated 


errors  are  relatively  consistent  with  these  results,  Thus,  the  results 
arc  suggestive  of  a weak  association  that  can  be  attributed  to  the 
difforences  between  pilots  and  non-pilots.  In  contrast  to  non-pilots, 
the  experience  of  pilots  tended  to  have  a detrimental  effect  on 
performance. 

To  suuuoarize,  incompatible  visual-motion  relationships  resulted 
in  a greater  proportion  of  control  reversals  by  subjects  in  all 
experience  groups,  but  slightly  more  by  the  pilots.  There  was  a tendency 
for  all  e.xperlence  groups  to  make  more  control  reversals  in  VO  than  SAC, 
but  the  difference  was  not  statistically  significant.  A larger 
proportion  of  reversal  errors  was  made  on  roll  than  on  pitch.  The 
effect  of  practice  was  evidenced  primarily  by  the  reduction  of  reversal 


errors  in  SAI 
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Axis  errors.  Nine  within  groups  analyses  of  variance  were  carried 
out  to  determine  possible  effects  of  practice  on  the  proportion  of  axis 
errors  made  by  each  group  of  subjects  over  sessions.,  with  axis  pooled. 

The  detailed  results  of  these  tests  are  presented  in  Appendix  J.  Unlike 
reversal  errors,  practice  did  not  have  an  effect  on  the  proportion  of 
axis  errors  made  by  any  of  the  experience  groups  in  any  of  the  conditions. 
An  examination  of  Table  23  will  reveal  a slight  downward  trend  over 
sessions,  but  this  trend  was  not  found  in  all  groups.  Similarly,  a 


TABLE  23 

Proportion  of  Axis  Errors  as  a Function  of  Sessions 


Experience 

groups 

Sessions 

Conditions 

1 

Pitch 

Roll 

1 2 3 4 X 

1 2 

3 6 X 

VO 

Pilots 

Navigators 

Non-rated 

.07  .03  .11  .07  .06 
.16  .03  .09  .11  .10 
.07  .07  .07  .08  .07 

.06  .08 
.16  .16 
.09  .08 

.07  .05  .07 
.13  .03  .10 
.06  .07  .07 

X 

.10  .16  .09  .09 

.10  .11 

.08  .05 

SAl 

Pilots 

Navigators 

Non-rated 

.08  .05  .06  .03  .05 
.12  .07  .06  .03  .06 
.07  .09  .03  .10  .08 

.10  .06 
.10  .03 
.23  .16 

.07  .16  .09 
.13  .08  .08 
.11  .06  .13 

X 

.09  .07  .06  .05 

.16  .08 

.10  .09 

SAC 

Pilots 

Navigators 

Non-rated 

.11  .01  .07  .06  .05 

.12  .09  .05  .03  .07 

.06  .03  .00  .06  .03 

.08  .02 
.15  .08 
.15  .15 

.07  .02  .06 
.08  .05  .09 
.13  .12  .16 

X 

.10  .06  .06  .06 

.13  .08 

.09  .06 
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between  groups  analysis  of  variance  did  not  result  In  a significant 
effect  due  to  conditions,  F (2,  27)  » .5,  £ > .05  (.08,  .08,  and  .07  in 
VO,  SAI,  and  SAC,  respectively)  or  experience,  F (2,  27)  ■ 2.93,  £ > .05 
(.06,  .08,  and  .09  on  pilots,  navigators,  and  non'rated,  respectively). 
Axis  was  significant,  F (1,  27)  ■ 5.4,  £ < .05  (.06  vs.  .09  on  pitch  and 
roll,  respectively). 

The  unsystematic  scattering  of  axis  errors  was  expected  because 
the  visual-motion  relationships  presented  to  subjects  were  always  on 
the  same  axis.  Differential  effects  due  to  sessions  and  conditions 
would  have  required  an  interpretation  based  on  some  form  of  unspecified, 
and  perhaps  uninterpretable,  confusion  of  cues. 

Reversal  versus  axis  errors.  An  analysis  was  performed  to  determine 
whether  differences  existed  between  the  proportions  of  reversal  and  axis 
errors..  As  expected,  the  proportion  of  reversal  errors  was  greater  than 
axis  errors  on  both  pitch,  F (1,  27)  • 16,26,  £ < .01  (.12  vs.  .06)  and 
roll,  F (1,  27)  “ 21.91,  £ < .01  (.16  vs.  .09).  These  differences, 
however,  were  not  independent  of  conditions  as  revealed  by  a Oondltions 
X Type  of  Error  (l.e.,  reversal  vs.  axis  error)  interaction  on  pitch, 

F (2,  27)  - 7.64,  £ < .01  and  roll,  P (2,  27)  - 18.91,  £ < .01.  As  wUl 
be  noted  from  the  data  presented  in  Table  24,  the  source  of  these 
interactions  was  the  high  proportion  of  reversal  errors  in  SAI  relative 
to  axis  errors  -In  this  condition. 


TABLE  24 

Proportion  of  Reversal  and  Axis  Errors 
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Conditions  Errors 

Pitch 

Roll 

Pilots 

Navig. 

Hon-rated 

Pilots 

Navlg. 

Non-rated 

Reversal 

.08 

.09 

.08 

.12 

.12 

.16 

VO 

Axis 

.06 

.10 

.07 

.07 

.10 

.07 

SAI 

Reversal 

.20 

.20 

.23 

.40 

.23 

.25 

Axis 

.05 

.06 

.08 

.09 

.08 

.13 

SAC 

Reversal 

.05 

.09 

.11 

.04 

.07 

.06 

Axis 

.05 

.07 

.03 

.04 

.09 

.14 

Hotion  Only  (MO) 

As  will  be  recalledt  an  attempt  to  null  the  effects  of  motion  in  this 
condition  was,  by  definition*  an  error  response*  While  the  proportion  of 
these  responses  vas  soaLl,  it  was  important  to  determine  whether  those 
that  were  made  followed  a systematic  pattern  and  could  be  regarded  as 
actual  responses  to  motion.  Othetwise*  it  would  be  concluded  that  the 
data  represented  nothing  more  than  random  control  stick  inputs.  In  the 
anslysis  carried  out  on  HI  and  Kk  measurea,  only  ^'consistent*'  responses 
were  given  consideration.  The  preaent  analysia  compared  the  proportion  of 
"consistent"  with  "inconsistent"  responses.  Presumably,  a legitimate 
response  to  motion  in  the  absence  of  visual  stimuli  would  tegulre  that 
stick  deflections  be  on  the  axis  and  direction  commensurate  with  the 
motion  function  (i<e. , "consistent"  responses).  Assuming  that  the 
subjects  did  respond  to  trials  in  this  condition,  the  proportion  of 
"consistent"  responses  should  be  significantly  higher  than  "inconslatent" 
ones.  Slmilsrly,  differential  effects  due  to  practice  (i.e. , a reduction 
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in  the  proportion  of  responses)  and  experience  should  be  evident  in  the 
"consistent"  responbe  data.  The  proportion  of  responses  of  both  types 
are  presented  in  Table  25. 


TABLE  25 

Proportion  of  "Consistent"  and  "Inconsistent"  Responses 


Type  of 
response 

Experience 

groups 

Sessions 

Pitch 

i 1 

Roll 

i 

1 

2 

3 

4 

X 

1 

2 

3 

4 

X 

Pilots 

.15 

.08 

.12 

.12 

.13 

.21 

.16 

.10 

.12 

.15 

"Consistent" 

Navigators 

.20 

.11 

.03 

.08 

.11 

.15 

.09 

.05 

.06 

.09 

Non-rated 

.11 

.11 

.06 

.09 

.09 

.08 

.07 

.11 

.10 

.09 

X 

.15 

.10 

.07 

.10 

.15 

.11 

.09 

.09 

Pilots 

.00 

.00 

.c: 

.01 

.01 

.05 

.02 

.00 

.10 

.02 

"Inconsistent" 

Navigators 

.14 

.06 

.10 

.01 

.07 

.07 

.03 

.08 

.04 

.05 

Non-rated 

.06 

.OA 

.03 

.07 

.05 

,05 

.03 

.04 

.00 

.03 

X 

.07 

.03 

.05 

.03 

.06 

.03 

.04 

.01 

Analyses  of  variance  on  each  experience  group  and  type  of  respon'^, 
revealed  that  practice  did  not  result  In  a reduction  of  responses  over 
sessions.  Also,  there  were  no  significant  Sessions  X Axis  Interactions. 
An  examination  of  Table  25,  however,  will  ruveal  a slight  downward  trend 
between  the  first  and  last  experimental  session  on  both  types  of 
responses,  but  "consistent"  responses  were  made  throughout  all  sessions. 
Between  groups  analyses  of  variance,  by  type  of  response,  did  not  result 
In  a significant  effect  due  to  experience  on  "consistent"  responses, 

F (2,  9)  - 1.1,  £ > .05  (.14,  .10,  and  .09  on  pilots,  navigators,  and 
non>rated,  respectively),  but  approached  significance  on  "inconalatent" 
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responses,  F (2,  9)  = 4.02,  j)  = .056  (.01,  .06,  and  .04  on  pilots, 
navigators,  and  non- rated,  respectively).  Axis  was  not  significant  on 
either  type  of  response. 

If  the  past  experience  of  pilots  influenced  their  performance  In 
this  experimental  condition.  It  would  be  expected  that  their  responses  be 
primarily  on  the  "consistent”  axis  and  direction,  relative  to  motion.  On 
the  other  hand,  the  absence  of  experience  among  non-pilots  could  result 
In  a random  distribution  of  responses  between  "consistent"  and 
"Inconsistent."  An  examination  of  Table  25  reveals  that  the  differences 
between  the  two  types  of  responses  was  somewhat  greater  for  pilots  than 
non-pilots.  This  finding  suggested  a possible  Experience  X Type  of 
Response  interaction.  If  such  an  Interaction  existed,  then  it  could  be 
concluded  that  the  pilots  tended  to  respond  to  notion  and  that  the  non- 
pilots  responses  were  random.  To  test  this  possibility  an  analysis  was 
carried  out  that  compared  response  type  with  ekperlence  groups.  The 
proportion  of  "consistent"  responses  was  found  to  be  significantly 
larger  than  "incooalatent"  ones,  F (1,  9)  “ 21.9,  £ < .01  (.11  vs.  .04 
on  "conaisteut"  and  "inconsistent"  responses,  respectively)  and  the 
Experience  X Type  of  Response  Interaction  approached,  but  did  not 
reach,  significance,  F (2,  9)  « 3.45,  £ “ .077.  These  results,  however, 
were  of  sufficient  interest  to  stlnulate  further  analysis.  Analyses  of 
variance  were  performed  to  compare  the  two  types  of  responses  on  each 
experience  group  separately.  Pilots,  made  significantly  more  "consistent" 

"inconsistent"  responses  on  both  pitch,  F (1,  3)  ■ 20.  74,  £ *»  .02 
(.13  vu.  .01)  ansi  roll,  F (1,  3)  * 16.83,  £-  .02  (.IS  vs.  .02).  In 


contrast  to  these  results,  there  was  a tendency  for  navigators  to  make 
more  "consistent"  responses  than  "inconsistent"  ones,  but  the  difference 
failed  to  reach  signJ “icance  on  pitch,  F (1,  3)  ■ 1.9,  £ > .05  (.11  vs. 
.07)  and  roll,  F (1,  ^ = .91,  £ > .05  (.09  vs.  05).  Similarly,  non- 
rated  subjects  tended  to  make  more  "consistent"  responses  but  the 
difference  failed  to  reach  significance  on  pitch,  F (1,  3)  = 1.1, 

£ > .05  (.09  vs.  .05)  and  roll,  (1».  3)  = 3.37,  £ > .05  (.09  vs.  .03). 
These  results  suggested  that  there  was  a strong  tendency  for  pilots 
to  respond  to  motion  cues  even  though  the  expected  visual  ones  were 
absent. 

By  responding  to  motion  only,  the  subject  provided  an  input  which 
was  fed  back  to  him  as  a pitch  or  roll  error  on  the  visual  display. 

This  feedback  should  have  been  sufficient  to  affect  learning,  and 
therefore,  to  result  in  a strong  downward  trend  of  responding.  Yet, 
all  subjects,  but  primarily  the  pilots,  responded  to  motion  throughout 
all  sessions^  Cbvio-usly,  motion  provided  a compelling  cue  that  could 
not  be  easily  disregarded. 

Double  Axis  Incompatible  (DAI) 

Two  sets  of  analyses  were  performed  on  the  proportion  of  reversal 
and  axis  errors  made  by  pilots,  l^e  first  was  a within  subjects 
atuilysls  that  treated  DAI  as  a separate  experiment.  Ttte  second  set 
compared  error  rates  in  OAI  with  VO,  SAl,  and  SAC  on  pilots.  , 

Reversal  errors.  Practice  did  not  result  in  a reduction  of 
reversal  errors  in  DAI,  £ (3,  9)  **  .22,  £ > .05^  An  examination  of 
Table  2S,  however,  will  reveal  that  there  vae  a alight  red«u:tion  in 


TABLE  26 


Proportion  of  Reversal  and  Axis  Errors  by  Pilots 


Type  of 

Sessions 

Errors 

Pitch 

Roll 

1 

2 

3 

4 

X 

1 

2 

3 

4 

X 

Reversal 

.12 

.07 

.13 

.06 

.09 

. .01 

.04 

.03 

.06 

.03 

Axis 

• 

00 

.33 

.20 

.24 

.28 

.46 

‘.53 

.54 

.42 

.49 

errors  by  the  fourth  session  on  the  pitch  jixis,  but  an  Increase  on  the 
roll  axis.  Thus,  as  expected,  the  distribution  of  reversal  errors 
appeared  to  be  unsystematic.  Similarly,  axis  was  not  significant, 

F (1,  3)  “ 3.51,  £ ® ,16  (.09  vs,  ,03  on  pitch  and  roll,  respectively) 
and  the  Sessions  X Axis  interaction  failed  to  approach  significance, 

F (3,  9)  1.1,  £ > .05,  It  is  doubtful  that  the  slight  tendency  for 

pitch  to  result  in  a greater  proportion  of  reversals  than  roll  is  of 
any  theoretical  Importance.  Thet  a roll  motion  was  always  associated 
with  a visual  pitch  stimulus  in  this  experimental  condition  should  not 
taean  that  a greater  proportion  of  reversal  errors  be  expected  to  occur  on 
the  pitc^  axis  because  reversal  errors,  as  defined  here,  are  always 
associated  with  the  same  axis  in  which  the  visual  stimulus  occurred. 

A comparative  analysis  was  carried  out  on  the  proportion  of  reversal 
errors  by  pilots  in  UAL  with  those  in  VU,  SAX,  and  SAC.  There  was  a 
significant  effect  due  to  conditions,  F (3,  12}  14.33,  £ < .01.  A 

Net^n-Keuls  test  of  the  means  revealed  that  this  effect  was  restricted 
to  the  large  proportion  of  reversal  errors  in  SAl  (£  < .01)  as  compared 


126 


to  VO,  SAI,  and  SAC;  there  were  no  differences  between  the  latter  three 
conditions.  Axis  failed  to  reach  significance,  although  there  was  a 
tendency  for  pitch  to  result  in  a smaller  proportion  of  reversals  than 
roll,  F (1,  12)  = 3.84,  £ * .07  (.10  vs.  15).  As  will  be  noted  from 
the  data  presented  in  Table  27,  there  was  a significant  Conditions  X 
Axis  interaction,  F (3,  12)  = 6.34,  £ < .01,  which  resulted  from  the 
larger  proportion  of  reversals  on  roll  in  SAI  relative  to  pitch. 


TABLE  27 

Proportion  of  Reversal  and  Axis  Errors  by  Pilots 
as  a Function  of  Conditions 


Conditions 

Pitch 

Roll 

Reversal 

errors 

Axis 

errors 

Reversal 

errors 

Axis 

errors 

VO 

.08 

.06 

.12 

.07 

SAI 

.20 

.05 

.40 

.09 

SAC 

.05 

.05 

.04 

.04 

DAI 

.09 

.28 

.03 

.49 

Axis  errors.  Practice  failed  to  have  an  effect  on  the  proportion 
of  axis  errors  made  by  pilots  in  DAI,  F (3,  9)  « 2.27,  £ > .05.  An 
examination  of  Table  26  will  reveal  a slight  downward  trend  oq  the 
pitch  axis,  but  not  on  roll.  Similarly,  axis  did  not  approach 
significance,  F (1,  3)  - 4.23,  £ > .05,  although  there  was  a strong 
indication  that  pitch  resulted  in  a smaller  proportion  of  errors  than 
roll  (.28  vs.  .49).  The  Sessions  X Axis  Interaction  was  not 
significant,  F (3,  9)  * 1.54,  £ > .05. 


As  with  reversal  error  data,  a comparative  analysis  was  conducted 
on  the  proportion  of  axis  errors  made  by  pilots  in  DAI  with  those  in 
VO,  SAI,  and  SAC.  Conditions  was  significant,  F (3,  12)  = 10.77, 

£ < .01.  A Newman-Keuls  test  revealed  that  this  effect  was  due  to  the 
large  proportion  of  axis  errors  in  DAI  (£  < .01)  as  compared  to  VO, 

SAI,  and  SAC;  there  were  no  diffeiences  between  the  latter  three.  Axis 
was  significant,  F (1,  12)  =>  5.4,  £ < .05,  with  a larger  proportion  of 
axis  errors  being  made  to  roll  than  to  pitch  (.17  vs.  .11).  While  the 
data  summarized  in  Table  27  suggested  a possible  Conditions  X Axis 
interaction,  this  effect  did  not  quite  approach  significance, 

F (3,  12)  * 3.42,  £=  .053.  Nevertheless,  the  significant  axis  effect 
appear<}d  to  be  due  to  the  relatively  larger  difference  in  the  proportion 
of  axis  errors  made  to  pitch  and  roll  in  DAI  (.28  vs.  .49),  but  not  VO, 
SAI,  and  SAC. 

Reversal  versus  axis  errors.  A comparison  between  the  proportion 
of  reversal  and  axis  errors  in  DAI  resulted  in  differences  in  the 
expected  direction.  There  was  a larger  proportion  of  axis  errors  than 
reversals  on  pitch,  (1,  3)  ■ 11.89,  £ < .05  (.28  vs.  .09)  and  roll, 

F (1,  3)  - 37.06,  £ < .01  (.49  vs.  .03). 

As  will  be  recalled,  the  DAI  condition  was  included  in  this 
investigation  as  an  added  feature  to  corroborate  the  predicted  effects 
in  SAI  and  to  verify  the  notion  that  these  effects  were  produced  by 
visual-motion  conflicts  rather  than  by  random  control  activities.  Thus, 
it  was  predicted  that  the  visual-motion  relationships  in  SAI  would 
result  in  a greater  proportion  of  reversal  than  axis  errors  and  that 
the  converse  would  be  true  in  DAI,  Furthermore,  it  was  anticipated 
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that  the  proportion  of  reversal  errors  would  be  larger  iu  VO  than  SAC 
and  that  axis  errors  would  not  be  a factor  in  these  two  conditions.  To 
test  these  possibilities,  an  analysis  of  variance  was  carried  out  to 
compare  the  proportion  of  reversal  errors  with  the  proportion  of  axis 
errors  made  by  pilots  in  VO,  SAI,  SAC,  and  DAI.  Of  particular  interest 
in  this  analysis  was  a possible  Conditions  X Type  of  Error  (i. e. , 
reversal  and  axis  errors)  Interaction.  This  analysis  resulted  in  a 
significant  interaction  in  the  predicted  direction  on  pitch,  F (3,  12)  ■> 
3.72,  £ < .05,  and  roll  (3,  12)  = 31.26,  £ < .01.  Figure  21 
illustrates  these  interactions  on  both  the  pitch  and  roll  axes.  Note 
that  the  characteristics  of  the  relationships  are  preserved  on  both 
axes.  The  interaction  effects  were  obviously  due  to  a higher  proportion 
of  reversal  errors  occurring  iu  SAI  than  DAI  ind  a greater  proportion  of 
axis  errors  in  DAI  than  SAI.  The  proportion  of  reversal  errors  was 
slightly  higher  in  VO  than  SAC  on  both  pitch  and  roll,  even  though 
neither  was  statistically  significant,  as  revealed  by  Newman'^Keuls 
tests.  The  overall  results  f this  analysis  confirmed  the  supposition 
that  the  distribution  of  the  two  types  of  errors  over  conditions  would 
be  systematic  rather  than  random.  It  can  be  safely  concluded  that  the 
two  Incompatible  conditions  (l.e. , SAI  and  DAI)  produced  visual-motion, 
conflicts  and  that  these  experimental  conditions  were  independent  with 
regard  to  their  effects  on  the  performance  of  pilots  as  measured  by  the 
two  types  of  errors.  Finally,  it  must  be  pointed  out  that  only  two 
percent  of  the  axis  errors  in  DAI  were  inappropriate  to  direction  of 
motion  (e.g.,  a control  stick  deflection  to  the  right  with  a right  roll 


motion).  As  indicated  earlier,  these  data  were  not  included  in  the 
analysis. 


A VO 
• SAI 
X SAC 
■ DAI 


PITCH  ROLL 


TYPES  OF  ERROR 


TYPES  OF  ERROR 


Figure  21.  Proportion  o£  errors  made  by  pilots  as  a function  of 
type  of  error  and  conditions,  (Data  points  from  Table  27.) 


DISCUSSION 


Main  Experlmeiital  Effects 

Effects  of  Vlsual-Proprloceptlve  Conflict 

The  results  of  this  experiment  revealed  that  the  experimental 
conditions  differed  In  their  potential  to  produce  vlsual-proprloceptlve 
conflict.  As  expected,  SAI  had  a profound  effect  on  the  performance  of 
all  subjects  as  measured  by  the  proportion  of  reversal  errors.  Thus, 

It  Is  concluded  that  the  subjects  were  unab3,e  to  disregard  the  effects 
of  motion  and  that  the  visual-motion  relationships  in  SAI  were  in 
conflict  and  interfered  with  the  responses  of  the  subjects,  regardless 
of  experience.  Further  evidence  to  substantiate  this  conclusion  was 
found  In  the  large  proportion  of  axis  errors  made  by  pilots  in  DAI. 

That  reversal  and  axis  errors  resulted  from  differing  visual- 
motion  relationships  represented  by  the  experimental  conditions  rather 
than  1)y  random  control  stick  deflections  is  substantiated  from  three 
sources.  First,  as  expected  the  SAI  condition  resulted  in  a large 
proportion  of  reversals,  but  few  axis  errors.  On  the  other  hand,  DAI 
resulted  in  a large  proportion  of  axis  errors,  but  very  few  re'frersals. 
Second,  only  two  percent  of  the  axis  errors  in  DAI  were  not  commensurate 
with  the  direction  of  motion.  Third,  there  was  a significant  decline 
in  the  proportion  of  reversal  errors  over  sessions  in  SAI  whereas  axis 
errors  remained  randomly  distributed  over  session  In  VO,  SAI,  and  SAC. 
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It  had  been  anticipated  that  VO  and  SAC  (no  motion  - motion 
comparisons)  would  differ  In  their  potential  to  engender  reversal 
errors.  The  presence  of  motion  in  SAC  was  thought  to  aid  spatial 
orientation  and  result  in  a very  small  proportion  of  inappropriate 
responses.  While  the  difference  between  these  two  conditions  was 
consistently  in  the  expected  direction,  it  did  not  reach  significance. 
Also,  the  proportion  of  reversal  errors  in  these  two  conditions  was 
relatively  low  and  did  not  differ  from  the  proportion  of  axis  errors. 
This  latter  finding  suggests  that  the  errors  in  VO  and  SAC  were  random 
and  non-task  related.  Although  it  is  tempting  to  conclude  that  the 
visual  factors  provided  the  necessary  information  for  spatial  orienta- 
tion and  that  motion  in  SAC  served  no  useful  role,  the  effect  of  motion 
was  obviously  present  in  SAl.  Accordingly,  the  role  of  motion  in  SAC 
will  not  be  dismissed.  It  must  be  recalled  that  VO  did  result  in  a 
strong  and  consistent  tendency  to  produce  more  reversal  errors  than  SAC. 
Detailed  interpretation  of  these  results,  however,  must  be  carried  out 
in  the  light  of  other  relevant  data. 

If  motion  plays  an  alerting  role,  then  it  is  expected  that  the 
experimental  conditions  providing  motion  should  result  in  shorter  RTs 
than  the  one  that  did  not  (Hatheny,  et  al.,  1963).  This  assumption  was 
confirmed.  Response  times  on  correct  responses  in  VO  were  significantly 
longer  than  in  SAC  on  both  axes  and  also  longer  than  SAI  on  the  roll 
axis.  It  will  be  recalled  that  RTs  on  correct  responses  in  SAI  and  SAC 
did  not  differ  significantly,  although  there  was  a consistently  strong 
tendency  for  SAC  to  result  in  shorter  RTs  on  both  axes.  This  tendency 
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Is  interpreted  to  mean  that  compatible  visual-motion  relationships 
provide  alerting  cues  that  aid  performance.  The  failure  to  obtain  a 
significant  difference  between  SAI  and  SAG  and  the  fact  that  RTs  were 
longer  in  VO  than  SAI,  hdwever,  would  suggest  that  motion,  even  when  it 
is  incompatible  (i.e.,  in  conflict)  with  the  visual  stimulus,  alerts 
the  operator  to  changes  in  attitude. 

The  assertion  that  motion  provides  a^^rting  cues  cannot  be 
generalized  easily  to  the  incompatible  visual-motion  relationships  hi 
DAI.  Response  times  made  by  pilots  on  correct  responses  in  this 
condition  differed  neither  from  VO  and  SAI  on  pitch  nor  from  VO  on 
roll.  The  relatively  long  RTs  in  DAI  can  be  attributed  to  several 
factors.  First,  it  will  be  recalled  that  the  propoition  of  axis  errors 
in  DAI  was  high  relative  to  SAI.  This  difference  in  errors  may  have  been 
due  to  the  disproportionate  number  of  visual-motion  stimulus  alternatives 
in  DAI  as  compared  to  SAI.  It  is  assumed  that  adaptation  to  the  visual- 
motion  relationships  in  SAI  was  considerably  easier  than  in  DAI.  In  SAI 
the  subject  merely  learned  that  a stick  deflection  in  the  opposite 
direction  from  the  one  provided  by  the  motion  cue  would  result  in  an 
appropriate  response  (i.e.,  the  subject  learned  to  deflect  the  control 
stick  on  the  same  axis  and  direction  of  the  motion).  Similar  adaptation 
would  have  been  difficult,  if  not  impossible,  in  DAI  because  the  visual- 
motion  combinations  were  always  on  different  axes  and  there  were  two 
alternative  directions  of  motion  displacement  within  each  axis  (i.e., 
a visual  pitch  up  was  accompanied  with  a roll  right  or  roll  left 
motion).  Taking  these  factors  into  consideration,  it  can  be  safely 
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concluded  that  motion  in  DAI  not  only  interfered  with  the  pilot’s 
response  tendencies,  but  required  that  decisions  be  brought  to  bear  on 
the  task.  The  subject  needed  to  select  an  appropriate  response  among 
the  alternatives;  a process  requiring  time. 

Are  the  effects  of  conflict  carried  beyond  the  onset  of  a response? 
To  test  this  possibility,  analysis  was  carried,  out  on  the  MR  measures 
obtained  on  correct  responses.  Movement  rates  were  essentially 
equivalent  among  conditions  on  pitch,  but  were  slower  in  SAC  on  roll. 
This  latter  finding  was  not  obtained  in  the  comparative  analysis  where 
data  obtained  from  pilots  in  DAI  were  compared  to  VO,  SAX,  and  SAC, 
although  there  was  a strong  tendency  for  SAC  to  result  in  slower  MRs 
on  roll.  It  is  concluded  that  neither  the  absence  of  motion  nor  the 
presence  of  an  incompatible  relationship  has  an  effect  on  the  perform- 
ance of  subjects  beyond  the  onset  of  the  response.  More  will  be  said 
about  this  in  later  discussions. 

To  susmarlzei  visual-motion  relationships  that  are  incoapatiblo 
Interfere  with  the  subject's  performance  and  result  in  errors  and 
longer  RTs.  The  absence  of  motion  lengthens  RT  on  correct  responses, 
but  results  in  a lower  proportion  of  control  errors.  The  short  RTs 
in  SAC  on  both  axes  and  the  short  RTs  in  SAI  on  roll  relative  to  VO, 
provide  evidence  favoring  the  alerting  role  of  motion.  Moreover,  since 
the  onset  of  both  the  visual  and  motion  stimuli  occurred  simultaneously, 
the  results  are  consistent  with  the  assumption  (but  do  not  necessarily 
imply)  that  proprioceptive  cues  derived  from  motion  preceded,  in  time, 
the  visual  ones  as  had  been  reported  by  Hatheny,  et  al.  (1963).  A 
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rough  estimate  of  the  possible  contribution  provided  by  the  presence 
of  compatible  motion  relationships  to  response  time  Is  obtainable  by 
subtracting  the  average  RT  In  SAC  from  the  average  RT  In  VO.  This 
difference  Is  found  to  be  .11  sec.  on  pitch  and  .34  sec.  on  roll.  A 
similar,  but  weaker  contribution  is  found  when  VO  Is  compared  to  SAX 
(.06  sec.  on  pitch  and  -.13  sec.  on  roll). 

The  results  provided  compelling  evidence  in  support  of  the  assump- 
tion that  motion  cues  play  more  than  an  alerting  role  in  the  subject's 
attempt  to  cope  with  vlsual-proprloceptlve  conflict.  The  large  propor- 
tion of  reversal  errors  in  SAI  In  contrast  to  DAI  and  the  large  propor- 
tion of  axis  errors  In  DAX  relative  to  SAX. suggests  that  motion  also 
provided  directional  information  (see  Figure  21).  Moreover,  that  the 
overuhaimlng  number  of  axis  errors  in  DAI  were  coconensurate  with  the 
direction  of  motion  lends  further  support  to  this  conclusion. 

Effects  of  Experience 

It  was  anticipated  that  the  overlearned  responses  associated  with 
conventional  flying  tasks  would  interfere  with  pilot  performance  under 
conditions  of  conflict.  (Recall  that  the  control-display  relationahip 
remained  unaltered  in  this  experiment,  the  incompatibility  existing 
in  SAI  and  DAI  was  a fuacclon  of  motion.)  On  the  other  hand.  If  pilots 
are  able  to  ignore  the  effects  of  motion,  then  the  absence  of  motion  or 
the  presence  of  vlsual‘'^tlon  relationships  that  are  incongruent  with 
normal  flying  operations  should  have  little  effect  on  pilot  performance. 
Similarly,  ttte  pilots  should  have  no  difficulty  In  the  condition  in. 
which  only  motion  cues  were  present  (i.e.,  MO).  If  the  visual-motion 
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relationships  represented  in  SAC  must  be  learned  (i.e. , performance  in 
SAC  is  dependent  on  learned  habits  peculiar  to  pilots),  then  the 
performance  of  non**pilots  should  be  vorse  in  this  condition.  It  was 
thought  that  the  relative  ease,  or  difficulty,  with  which  non-pilots 
(but  particularly  the  non-rated  subjects)  were  able  to  respond  appro- 
priately in  each  es^erlmental  condition  should  provide  some  insight 
into  the  visual-motion  relationship  that  would  produce  effective 
spatially  oriented  behavior  among  most  of  the  population  (i.e.,  is 
representative  of  a population  stereotype). 

The  results  revealed  that  the  proportion  of  errors  among  the  three 
escperience  groups  was  roughly  equal.  Tlte  expected  difference,  as 
Bight  have  been  revealed  by  a Conditions  X Experience  interaction  was 
absent.  It  was  noted,  however,  that  pilots  In  SAX  made  aoru  reversal 
errors  on  the  roll  axis  than  non-pilots  (.41  vs.  .24).  A descriptive 
statistic  on  these  data  sitowed  that  the  vlsual-Botlon  relationships  In 
SAX  had  greater  Impact  on  pilots  tium  non-pllots.  These  results  tuist 
be  interpreted  with  csution.  It  can  be  eafely  concluded,  however,  that 
pilots  were  unable  to  ignore  the  effects  of  Botion  and  that  previous 
exposure  to  flight  conditions  did  not  aid  ttiea  In  overcoming  the  effects 
oi  cue  conflict.  In  fact,  it  was  surprising  to  find  that  the  pilots 
made  occaaional  errors  even  when  the  vlsual-Boclon  relationships  were 
commensurate  with  those  encountered  in  contact  flying.  Squally  surprising 
was  thst  the  proportioa  of  errors  made  by  non-pilots  in  SAC  were  only  ^ 
slightly,  but  not  significantly,  higher  than  those  of  pilots.  fSoreover, 
a alailar  relationship  was  found  in  VO. 
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That  reversal  errors  persisted  in  the  compatible  condition,  in 
spite  of  the  extensive  experience  of  pilots,  suggests  that  these 
subjects  adopted  a frame  of  reference  in  which  the  video  display  was 
interpreted  as  an  artificial  horizon  indicator  rather  than  a scene 
analogous  to  contact  flying.  Such  an  interpretation  seems  untenable 
for  several  reasons.  First,  more  errors  were  made  in  SAI  than  SAC  and 
VO  by  virtually  all  the  subjects,  eve.i  though  the  control-display 
relationships  were  precisely  the  same.  Second,  post-experimental 
debriefings  revealed  that  pilots  were  painfully  aware  that  the  visual- 
motion  relationships  in  SAI  were  in  conflict  with  those  of  normal 
flying  operations.  Non-pilots,  on  the  otler  hand,  were  unaware  that 
there  was  something  out  of  the  ordinary,  yet  all  of  them  made  more 
reversv’.l  errors  in  SAI  than  SAC.  It  will  be  recalled  that  Jacobs  and 
Roscoe  '(1975)  obtained  similar  comments  from  flight  naive  subjects. 
Accordingly,  the  errors  made  by  pilots  in  SAC  can  be  attributed  to 
factors  of  attention  or  motivation  and  those  of  non-pilots  to  their 
Inexperience.  If  this  interpretation  is  accepted,  then  It  follows  that 
the  visual-motion  relationships  in  SAC  were  compatible  with  the  visual- 
proprioceptive  sensations  that  engender  adequate  spatial  orientation. 
Such  relationships  do  not  interfere  with  response  tendencies*, 
regardless  of  the  experience  of  subjects. 

Obviously,  motion  provided  compelling  cues  to  subjects  in  all 
experience  groups,  but  primarily  to  the  pilots.  Further  evidence  that 
motion  had  a greater  effect  on  pilots  than  non-pilots  comes  from  the 
observed  tendency  for  pilots  to  respond  to  motion  cues  even  when  visual 
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ones  were  absent  in  MO.  The  three  groups  made  about  the  same 
proportion  of  "consistent"  responses  relative  to  motion,  but  the  non- 
pilots made  many  "inconsistent"  ones  (i.e.,  responses  that  were  not 
commensurate  with  the  motion  function)  while  pilots  did  not. 

The  previous  experience  of  pilots  (or  factors  due  to  selection) 
did  not  aid  them  to  overcome  the  effects  of  visual-proprioceptive 
conflict  as  measured  by  the  proportion  of  reversal  and  axis  errors,  but 
it  did  help  them  to  reduce  their  response  latencies.  Pilot  RTs  on 
correct  responses  were  considerably,  and  significantly,  shorter  than  those 
of  non-pilots.  It  had  been  thought  that  navigator  RTs  would  be  shorter 
than  those  of  inexperienced  subjects,  but  the  differences  were  not 
significant.  Apparently,  the  types  of  tasks  conducted  by  navigators 
did  not  transfer  positively  to  those  in  this  experiment.  The  stimulus 
relationships  represented  in  VO,  SAI,  and  SAC  had  about  the  same  effect 
on  all  subjects,  regardless  of  experience.  Finally,  the  MR  following 
the  onset  of  correct  responses  did  not  differ  among  the  experience 
groupti^.  Once  a response  is  initiated,  the  rate  of  control  stick 
deflections  associated  with  the  early  phases  of  stimulus  error 
correction  is  not  affected  by  experience.  While  stick  deflections 
beyond  the  point  where  MR  was  computed  on  correct  responses  wore  not 
analyxed,  observation  of  the  subjects  revealed  that  all  were  fully 
able  to  null  input  errors  and  continue  the  task  in  accordance  with 
Instructions. 

In  susa&ary,  the  results  present  a rather  diST4a.l  picture  of  man's 
capiUiillty  to  function  adequately  under  the  conditions  simulated  in  this 
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experiment.  All  subjects  appeared  to  make  use  of  motion  and  had 

difficulty  responding  appropriately  when  these  cues  were  in  conflict 

with  visual  ones.  Furthermore,  -'ach  subject  in  this  experiment  was 

exposed  to  a single  condition  in  which  rate  and  amplitude  of  the 

stimuli  did  not  vary;  a rathet  ideal  situation.  Isolated  instances 

of  the  visual-motion  relationships  as  experienced  by  subjects  in  this 

experiment  could  occur  in  an  operational  environment.  Nevertheless, 

an  operator  of  a remotely  piloted  vehicle  would  need  to  adapt  to 

continuous  changes  In  angular  acceleration  in  one  or  more  axes  to  the 

vehicle  and/or  the  airborne  station.  Accordingly,  he  must  learn  to 

restrict  his  manual  activities  to  visual  information  rather  tha»\  to 

accept  some  mix  of  the  vehicle  status  with  that  of  the  station. 

vn^ether  operators  can  learn  to  disregard  the  effects  of  motion  in  these 

environmental  conditions  Is  a matter  for  research.  That  practice  has 

a positive  effect  Is  the  subject  of  the  topic  discussed  next. 

# 

Effects  of  Practice 

The  history  of  research  in  the  area  of  learning  has  shown  that  man 
is  capable  of  is^iroving  his  motor  skills  with  practice.  Thus,  it  was 
safe  to  assume  that  at  least  some  learning  would  occur  among  the 
subjects  in  thih  experiment.  In  view  of  the  conclusions  reached  In  the 
preceding  paragraphs,  the  importance  of  laming  factors  to  the  operation 
of  remotely  piloted  vehicles  cannot  be  overlooked.  The  primary  question, 
however,  dsait  viUt  the  specific  characteristics  of  improvetaent  in 
performance  and  with  the  particular  dependent  variables  affected.  A 
related  question  asked  whether  motion  was  necessary  for  training  future 
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It  was  predicted  that  the  effect  of  practice  should  be  evidenced 
primarily  in  those  conditions  most  conducive  to  visual-proprioceptive 
conflict.  In  view  of  the  results  discussed  earlier,  SAI  and  DAI  were 
expected  to  result  in  the  greatest  amount  of  learning.  Moreover,  since 
roll  creates  the  severest  problem  to  spatial  orientation,  it  was 
anticipated  that  practice  would  be  most  evident  on  responses  to  stimuli 
on  that  axis.  These  predictions  were  confirmed.  The  proportion  of 
reversal  errors  made  by  subjects  in  all  experience  groups  in  SAI 
declined  significantly  with  practice.  Most  of  the  learning  in  SAI 
occurred  by  the  end  of  the  first  session  on  pitch  control  and  by  the 
second  session  on  roll.  The  latter  reveals  that  acquisition  of  skills 
was  more  difficult  when  the  stimuli  were  presented  on  the  roll  axis  than 
on  pitch.  It  is  noteworthy  that  virtually  all  subjects  continued  to 
make  control  reversals  on  the  last  session.  The  rate  of  decline  over 
sessions  suggested  that  considerable  learning  took  place.  Had  the  test 
continued  for  an  undetermined  number  of  sessions,  the  proportion  of 
errors  might  have  declined  even  further.  Unlike  SAI,  however,  learning 
failed  to  occur  among  pilots  in  DAI.  Axis  errors  declined  slightly  over 
sessions  on  pitch  control,  but  the  errors  were  distributed  about  evenly 
on  roll.  Thus,  it  is  impossible  to  determine  from  these  data  vitether 
continued  practice  in  DAI  would  have  aided  the  subjects.  Since  faster 
learning  occurred  to  pitch  in  SAI  and  there  was  a alight  decline  in 
axis  errors  to  pitch  In  DAI,  it  is  assumed  that  extensive  practice 
would  eventually  result  in  learninji.  As  noted  earlier,  the  difference 
in  learning  rate  between  SAI  and  D^kl  may  have  been  due  to  the 
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disproportionate  number  of  visual-motion  stimulus  combinations  between 
the  two  conditions  thereby  making  the  task  in  DAI  more  difficult. 

It  was  anticipated  that  the  absence  of  motion  in  VO  would  result  in 
more  reversal  errors  than  the  compatible  relationships  in  SAC.  Thus  it 
was  assvuned  that  more  learning  would  occur  in  VO  than  SAC,  at  least 
among  the  pilots.  While  there  was  a strong  tendency  for  all  subjects 
to  make  more  reversals  in  VO,  only  navigators  showed  a significant 
practice  effect  in  that  condition  and  none  showed  an  effect  in  SAC. 
Apparently,  learning  occurs  only  under  circumstances  of  severe  spatial 
disorientation. 

While  the  difference  in  the  proportion  of  errors  made  by  pilots 
and  non 'Pilots  was  not  significant  in  MO,  there  was  a strong  tendency 
for  pilots  to  make  more  "consistent"  responses  than  "inconsistent"  ones 
than  nOn-pilots.  Moreover,  there  was  a strong  tendency  for  pilots  to 
make  more  reversal  errors  in  SAI.  These  results  suggested  that  practice 
should  have  greater  effect  on  pilots  than  non-pllots  in  these  two  condi- 
tions. Some  evidence  for  this  assumption  was  revealed  by  the  omega 
squared  indices  applied  to  roll  axis  data  in  SAI.  The  difference 
between  pilots  and  non-pilots  was  maintained  throughout  all  sessions,  but 
the  difference  between  navigators  and  inexperienced  subjects  was  minimal. 
Observation  of  pitch  axis  data  (see  Tables  20  and  21)  reveals  that  pilots 
tended  to  reduce  the  Incidence  of  reversals  at  a higher  rate  than  non- 
pilots.  With  axis  pooled  the  reduction  of  errors  from  Session  1 to  4 
was  282,  252,  and  162  for  pilots,  navigators,  and  inexperienced, 
respectively.  A similar  relationship  was  not  forthcoming  in  NO.  There 
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was  a reduction  in  the  proportion  of  "consistent"  responses  to  motion 
among  pilots  and  navigators,  but  not  among  the  inexperienced  subjects. 

It  must  be  recalled  that  both  non-pilot  groups  also  made  an  equal 
proportion  of  "inconsistent"  responses  in  this  condition,  but  the  pilots 
^ did  not.  Accordingly,  it  is  cautiously  concluded  that  the  reduction  of 
responses  among  pilots  represented  an  attempt  to  ignore  the  effects  of 
motion.  While  non-pilots  tended  to  reduce  both  "consistent"  and 
inconsistent"  responses,  this  effect  cannot  be  justified  solely  on  the 
basis  of  legitimate  responses  to  motion  (i.e.,  responses  that  are 
commensurate  with  the  direction  of  the  motion  fur.ction) . 

Unlike  reversal  errors,  there  was  no  evidence  that  RTs  to  correct 
responses  changed  with  practice,  regardless  of  experience.  That  RT 
remains  stable  on  certain  kinds  of  tracking  tasks  had  been  reported 
earlier  by  Gottsdanker  (1956).  Yet  pilot  RTs  were  consistently  shorter 
than  those  of  non-pilots  in  all  conditions,  but  there  was  no  difference 
between  the  two  non-pilot  groups.  Either  the  number  of  trials  in  this 
experiment  was  Insufficient  to  effect  a change  or  the  short  RTs  made  by 
pilots  was  due  to  selective  factors.  Finally,  the  MR  following  the 
onset  of  a response  was  unaffected  by  practice.  It  might  be  argued 
that  the  number  of  trials  was  insufficient  to  be  revealed  in  changes  to 
MR  measures.  Since  Iffis  did  not  differ  significantly  among  the  three 
experience  groups  in  any  of  the  conditions,  it  Is  safely  concluded'  that 
an  increase  in  the  number  of  trials  would  not  have  resulted  in  changes. 

To  sumtoarize,  it  is  apparent  that  the  effects  of  practice  on 
pertoraance  Is  predicated  on  the  potential  of  visual-motion  relationships 
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to  produce  conflict.  As  expected,  pilots  tended  to  be  affected  by  the 
incompatible  relationships  more  than  non-pilots  and  show  a greater  effect 
due  to  practice.  The  number  of  test  sessions,  however,  was  insufficient 
to  reduce  errors  in  SAI  and  DAI  to  trc  level  of  SAC. 

Can  non-pilots  be  assigiled  to  operate  remotely  piloted  vehicles? 

The  answer  to  this  question  is  a cautious  yes.  While  the  various  visual- 
motion  relationships  used  in  this  experiment  had  about  the  same  effect 
on  all  experience  groups,  the  non-pilots  tended  to  make  less  errors  in 
SAI  than  pilots  despite  their  lack  of  experience  or  familiarity  with 
flight  operations.  It  could  be  argued  that  pilots  have  the  advantage  of 
flight  experience.  Under  stress,  however,  the  pilot  may  revert  to  old 
habits  and  respond  to  attitude  changes  of  the  airborne  station.  A 
related  question  asks  whether  pilot  performance  would  deteriorate  upon 
return  to  flying  status.  The  results  of  this  and  other  experiments  have 
shown  that  motion  Is  an  important  factor  in  pilot  performance.  If  a 
pilot  is  trained  to  disregard  the  effects  of  motion  in  order  to  operate 
remotely  piloted  vehicles  from  an  airborne  station,  the  effect  of  this 
training  could  have  dire  consequences  if  he  is  returned  to  flying  status. 
Uliile  problems  in  flight  usually  arise  when  the  aircraft  accelerations 

t 

arc  belcw  threshold,  training  to  ignore  sudden  changes  In  attitude 
compounds  the  problem. 

This  experiment  has  shown  that  under  the  conditions  tested,  motion 
provides  alerting  and  directional  cues.  Yet. the  operator  of  a remotely 
piloted  vehicle  must  Ignwre  these  cues  and  place  full  confidence  in  the 
visual  display.  The  extt^Kt  to  which  confidence  can  be  instilled  in 
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prospective  operators  might  depend  on  their  previous  experience  with 
these  displays.  If  a display  has  caused  a pilot  to  -experience  conflict, 
there  may  be  a greater  possibility  that  he  will  experience  these  same 
conflicts.  Finally,  whether  pilots  or  non-pilots  are  selected,  the 
results  of  this  experiment  strongly  suggest  that  the  operators  be 
trained  in  the  presence  of  motion  cues. 

Effects  of  Axis 

Previous  studies  have  shown  that  there  is  a persistent  superiority 
in  performance  when  /isual  stimuli  are  horizontal  or  vertical  rather 
than  oblique.  As  indicated  in  the  Introduction  this  phenomenon  was 
referred  to  as  the  oblique  effect  by  Appelle  (1972).  Other  studies 
conducted  on  judgments  of  the  vertical  when  the  subject  and  the  stimulus 
are  tilted  laterally  in  the  same  or  opposite  directions  have  shown  that 
perception  of  body  posture  become-?  equivocal.  Finally,  it  has  been 
known  for  many  years  that  problems  in  interpreting  the  direction  of 
attitude  shown  on  aircraft  artificial  horizon  displays  are  greater  on 
roll  than  pitch.  In  his  analysis  of  pilot  errors,  for  example,  Fitts  & Jones 
(1947)  found  that  of  22  reversal  errors  19  were  due  to  misinterpreting 
the  direction  of  bank. 

Judging  from  the  studies  cited  above,  and  others  discussed  in  the 
Introduction,  it  was  assumed  that  differential  effects  would  result 
from  visually  displayed  pitch  versus  roll.  This  assumption  was 
overwhelmingly  confirmed. 
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Overall,  there  was  a greater  proportion  of  reversai  errors  on  roll 
than  on  pitch  (.16  vs.  12),  but  this  difference  was  attributed  to  VO 
(.13  vs.  .08)  and  SAI  (.30  vs.  .21).  No  difference  was  found  in  SAC 
(.06  vs.  .08).  It  will  be  recalled  that  the  effects  of  practice  were 
observed  primarily  in  VO  and  SAI  and  this  effect  was  mainly  on  roll 
control.  Apparently  the  effect  disappears  whenever  compatible  visual- 
motion  relationships  are  present  as  in  SAC.  (This  finding  dv.js  not  mean 
that  the  compatible  relationships  in  SAC  did  not  present  problems  to  the 
subjects.  Reversal  errors  were  made  by  all  subjects  in  all  experience 
groups  throughout  all  experimental  sessions.)  In  a study  comparable  to 
VO,  Kelley,  et  al.  (196}.)  reported  similar  findings  and  noted  that  it 
was  easier  for  display  content  to  become  the  frame  of  reference  for  pitch 
than  for  roll  displacements. 

•It  is  of  interest  to  note  that  the  effect  produced  by  visually 
displayed  roll  in  VO,  SAI,  and  SAC  persisted  on  axis  errors.  While  the 
difference  was  small  (.06  vs.  .09)  it  was  tievertheless  significant. 
Elsewhere,  the  distribution  of  axis  errors  in  these  three  conditions 
was  unsystematic.  In  DAI  the  expected  axis  effect  demonstrated  by 
pilots  was  significant,  with  a higher  proportion  of  axis  errors  made  to 
visually  displayed  roll  than  pitch  (.49  vs.  .28).  The  difference  In 
the  proportion  of  reversal  errors  was  not  significant.  These  findings 
lend  further  support  to  the  assumption  that  motion  in  DAI  Interfered 
with  the  subject's  response  tendencies  to  control -display  relationships. 
Moreover,  the  results  suggest  that  motitn  interferes  with  visually 
mediated  orientation.  Had  the  visual  stimulus  Interfered  with  the 
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responses  to  motion,  then  more  axis  errors  would  have  been  made  to 
visually  displayed  pitch  in  which  the  motion  function  was  roll.  From 
these  results,  it  is  tempting  to  conclude  that  spatial  orientation  is 
mediated  primarily  by  visual  factors  rather  than  gravity.  This  is 
certainly  not  the  case  here.  It  must  be  recalled  that  the  experimental 
task  required  that  subjects  rely  on  visual  cues;  control  stick 
deflections  were  totally  Independent  of  motion.  Nevertheless,  motion 
cues  were  extremely  compelling  to  pilots.  Even  when  these  cues  were 
provided  in  the  absence  of  visual  ones  the  pilots  responded  to  motion. 
Support  for  this  conclusion  was  found  in  the  differential  axis  effect  on 
pilot  "consistent''  responses  to  MO.  While  non-pilots  did  not  show 
differences  (an  additional  evidence  that  the  responses  of  non-pilots  in 
MO  were  random,  but  not  those  of  the  pilots),  the  pilots  made  a higher 
proportion  of  responses  to  roll  motion  than  to  pitch  (.15  vs.  .12). 

Previous  investigations  have  shown  that  discrimination  RT  is 
shorter  to  horizontal  and  vertical  lines  than  to  obliques.  This  effect 
is  preserved  even  when  the  head  is  tilted  45®  right  or  left  (Attneave  & 
Olson,  1967).  Thus,  it  was  expected  that  visually  presented  roll  would 
result  in  longer  RT  than  pitch,  regardless  of  conditions  or  experience. 
This  prediction  was  overwhelmingly  supported  in  the  experimental 
resulta.  Response  time  to  correct  responses  were  consistently  and 
significantly  longer  on  roll.  Similarly,  pilot  RT  in  DAI  revealed 
precisely  the  same  axis  effect.  Finally,  further  evidence  was  found 
to  support  the  notion  that  pilots  made  legitimate  responses  to  motion 
in  MO  while  non-pilots  did  not.  Response  time  of  pilots  to  roll 
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motion  was  longer,  though  not  significantly,  than  to  pitch  whereas  the 
opposite  was  the  case  with  non-pilots. 

Conditions,  experience,  and  practice  had  little  effect  on  perform- 
ance beyond  the  onset  of~cor^rect  responses  (i.e. , MR).  Axis,  on  the 
other  hand,  had  a profound  effect  on  MR,  regardless  of  conditions, 
experience  and  practice;  MR  on  roll  control  was  always  faster  than  on 
pitch.  When  this  finding  is  taken  together  with  the  results  obtained 
on  RT  measures,  an  Interesting  relationship  develops:  Mean  RT  is 
shorter  and  mean  MR  is  slower  to  pitch  than  to  roll.  All  variables  in 
this  experiment  that  engendered  short  response  latencies  were  followed 
with  slow  corrective  movements.  This  relationship  is  given  more  detailed 
attention  in  later  discussions. 

In  summary,  it  is  apparent  that  visually  presented  roll  presents 
greater  problems  to  spatial  orientation  that,  pitch.  Response  times  are 
longer  and  more  errors  are  made  on  roll.  Except  for  the  rather  novel 
relationship  between  RT  and  MR,  the  tesults  are  In  substantial  agre^ent 
with  findings  reported  by  several  Investigators-. 

Effects  of  Conflict,  Experience,  and  Axis 
on  Error  RT  and  MR 

While 'motion  served  to  alert  the  subject  to  the  changing  status  of 
the  station,  as  determined  by  RT  to  correct  responses,  similar  evidence 
appeared  to  be  present  on  reversal  and  axis  errors,  but  was  ve*'y  weak. 
There  was  a tendency  for  RTs  on  reversals  to  be  somewhat  longer  in  VO 
Chmi  3A1  and  for  Ski  RTs  to  be  longer  thsa  S.\C,  particularly  on  roll 
control,  but  the  differences  were  not  significant.  A similar  pattern 
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was  observed  on  axis  errors,  but  here  RT  in  VO  was  significantly  longer 
than  SAI  and  SAC  on  both  axes.  Reversal  errors  made  by  pilots  did  not 
reveal  a significant  effect  due  to  conditions,  but  the  axis  errors  were 
significantly  longer  in  DAI  than  VO  on  pitch  but  not  roll.  When  an 
error  is  to  be  executed,  the  absence  of  motion  in  VO  tends  to  lengthen 
the  onset  of  a response,  but  the  data  were  not  compelling  in  this 
regard.  Similarly,  the  relatively  strong  effects  due  to  experience  were 
not  observed  on  RTs  associated  with  reversal  and  axis  errors.  There 
was  an  extremely  small  tendency  for  pilot  RTs  to  be  shorter  chan  those 
of  non-pilots  on  both  types  of  errors,  but  the  differences  were  not 
significant. 

Unlike  RT,  the  results  obtained  from  MR  measures  on  reversal  and 
a::is  errors  were  similar  to  those  on  correct  responses.  Neither 
conditions  nor  experience  had  an  effect  on  the  MRs  associated  with 
reversals.  There  was  a small,  but  significant  effect  due  to  conditions 
on  axis  errors:  VO  resulted  in  faster  MRs  than  SAX  and  SAC  on  pitch, 

but  not  roll.  Typically,  MRs  in  VO  tend  to  be  slightly  slower  than  in 
SAI  (see  Figures  19  and  20).  Ttius,  it  is  impossible  to  determine 
whether  this  finding  was  due  to  systematic  effects  stemming  from  the 
absence  of  motion  in  VO  or  to  some  uncontrolled  and  unidentifiable 
factor.  When  MRs  in  DAI  were  compared  to  those  of  the  other  conditions 
there  were  no  differences  on  either  axis.  Accordingly,  it  la  concluded 
that  the  MR  on  correct  and  error  responses  are  net  affected  by  the  same 
variables  tlmt  tiave  an  effect  on  RT  to  correct  responi'cs  and  possibly 
to  errors. 
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Previous  analyses  revealed  that  the  oblique  effect  was  a strong 
factor  influencing  RT  and  MR  on  correct  responses,  regardless  of  condi- 
tions, experience,  and  practice.  Response  time  was  found  to  be  longer 
and  MR  faster  on  roll  control  than  on  pitch.  There  was  a reason  to 
believe  that  this  same  relationship  would  prevail  on  reversal  errors. 

This  assumption  was  confirmed;  reversal  error  RT  was  significantly 
longer  and  MR  slower  on  pitch  than  roll.  Axis  errors,  on  the  other  hand, 
resulted  in  a different  pattern.  While  RTs  on  axis  errors  in  VO,  SAI, 

and  DAI  were  always  longer  on  roll,  MRs  were  always  slower.  It 
must  be  recalled,  however,  that  axis  errors  represented  stick  deflections 
on  the  axis  that  did  not  correspond  to  the  axis  of  the  visually  displayed 
stimulus.  Thus,  when  the  visual  stimulus  was  roll,  the  subject  responded 
with  a pitch  control,  creating  an  axis  error.  Movement  rates  on  pitch 
control,  whether  associated  with  correct  or  error  responses,  were  found 
to  be  typically  slow«;r  than  on  roll  control.  More  will  be  said  about 
this  effect  in  the  discussion  ttiat  follows. 

Effectj<  of  Conditions.  Experience,  and 
Axis  on  Eyrot  Correction 

After  an  error  has  been  cotamicted,  a corrective  action  is  taken  to 
null  the  effects  of  the  erro;  produced  by  the  stimulus  as  well  as  the 
error  added  by  the  subject's  control  input.  It  was  of  interest  to 
determine  whether  error  correction  RT  and  MR  followed  the  same  or  a 
similar  pattern  found  on  correct  responses. 

Visual  and  tiotion  stimuli  were  in  pra^roea,  but  not  necesiiarily 
terminated,  when  correction  actlvicic!>  wore  iniriatcj.  Accord ijuily, 
the  question  asked  was  whether  the  ei  fect  due  to  vis'nil-proprlou'iptlve 


conflicts  revealed  on  correct  responses  would  apply  to  corrections. 

There  was  a slight  tendency  for  correction  RT  to  reversals  to  be 
longer  In  VO  than  SAI  and  SAC,  although  the  difference  was  not 
significant.  Similarly,  correction  RT  to  reversals  in  DAI  did  not 
differ  from  the  ocher  conditions.  Correction  RT  to  axis  errors,  on-  the 
other  hand,  was  significantly  longer  in  VO  on  both  axes  and  DAI 
correction  RT  did  not  differ  from  VO,  as  had  been  found  on  correct 
responses.  That  correction  RT  to  reversals  was  slightly  longer  in 
VO  and  significantly  longer  on  correction  to  axis  errors  suggests  Chat 
the  absence  of  motion  In  VO  had  similar  effects  as  those  found  on 
correct  responses.  The  presence  of  notion  in  SAI,  SAC  and  DAI  also 
had  similar  effects.  It  might  be  argued,  however,  that  the  lack  cf 
oompelling  differences  as  had  been  found  on  correct  responses  can  be 
attributed  to  the  t^poral  period  in  tdtich  the  corrections  are  initiated. 
That  is,  corrections  begin  at  a point  tdtere  the  physical  effects  of  ctm 
visual  and  motion  stimuli  are  termliuiced.  this  atguaent  appears 
untenable  for  several  reasons.  First,  RTs  on  errors  were  typically 
shoVter  than  chose  on  correct  responses,  regardless  of  conditions, 
experience  or  axis.  Second,  when  RTs  to  the  correction  of  reversal 
errors  were  cot^pared  to  those  cf  correct  respoiv^es,  there  were  no 
differences.  Correction  RTs  to  axis  errors  were  slightly  longer  titan 
RTs  on  correct  responses  on  roll,  but  not  pitch.  Overall,  the  results 
suggest  that  a miniaal  time  period  is  required  for  processing  informs’^ 
tion  necessary  to  effect  a correct  response.  More  will  be  said  about 
these  two  factors  in  a later  diacussion. 


Correction  MR  to  reversal  and  axis  errors  in  VO,  SAI,  SAC,  and  DAI 
revealed  a similar  pattern  to  that  found  on  correct  responses.  That  is, 
the  differences  aulong  conditions  were  generally  not  significant. 

Movement  rates  on  reversal  and  axis  errors  were  typically  slower  than 
those  of  correct  responses.  When  correction  responses  to  reversal  and 
axis  errors  were  compared  to  MR  on  correct  responses  it  was  found  that 
the  corrections  remained  slower,  but  were  faster  than  the  errors.  It  is 
therefore  concluded  that  MRs  on  correct  responses,  whether  originally 
correct  or  whether  associated  with  corrections,  are  faster  than  MRs  on 
errors. 

Correction  RTs  and  MRs  have  other  characteristics  in  common  with 
originally  correct  responses.  Pilot  RT  was  significantly  shorter  than 
that  of  non-pilots  on  corrections  to  reversal  and  axis  errors  and 
correction  MRs  failed  to  show  differences  among  experience  groups. 
Finally,  correction  RTs  to  both  types  of  errors  were  shorter  and  MRs 
were  slower  on  pitch  than  roll.  The  latter  represents  a complete  shift 
from  MR  on  axis  errors.  It  will  be  recalled  that  MRs  on  axis  errors 
were  faster  on  pitch  than  roll,  but  the  opposite  was  the  case  on 
correct  responses.  Upon  correction  of  an  axis  error,  the  stick 
deflection  again  corresponds  with  the  visual  stimulus  rather  than 
motion.  It  had  been  noted  in  the  Results  that  the  axis  effect  found  on 
MRs  of  axis  errors  was  probably  due  to  differential  muscular  forces 
rather  than  to  conflict  with  the  visual  stimulus  (i.e. , roll  control 
always  results  in  faster  MRs). 
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Theoretical  Considerations 


Correct  Versus  Error  Responses 

When  RTs  associated  with  correct  responses  are  compared  to  those 
of  errors,  a very  interesting  relationship  unfolds:  It  is  always  the 

case  that  the  RTs  on  reversals  and  axis  errors  are  shorter  than  RTs  on 
correct  responses,  regardless  of  conditions,  experience,  or  axis.  This 
effect  is  not  peculiar  to  the  present  tracking  task.  Previous  research 
on  choice  reaction  time  has  shown  that  error  RTs  are  usually  shorter  than 
correct  ones  (Egeth  & Smith,  1967).  An  exception  to  this  finding  was 
reported  by  Fitts  (1966).  Using  a task  that  had  subjects  adapt  to 
changes  In  speed  versus  accuracy,  it  was  found  that  the  speed  group 
responded  with  shorter  RTs  than  the  accuracy  group  and  made  more  errors, 
but  RTs  to  errors  did  not  differ  from  RTs  to  correct  responses.  More 
recently.  Hale  (1969)  had  subjects  adopt  speed  or  accuracy  sets  in  a 
self-paced  serial  reaction  task.  He  found  that  error  responses  were 
consistently  shorter  than  correct  ones.  Tiiis  effect  was  explained  in 
tectas  of  a serial  classification  model  in  v'.iich  KT  is  viewed  as  being 
composed  of  a series  of  classification  steps.  Wtton  this  process  is 
terminated  early,  a random  choice  is  made  from  the  alternatives  and  an 
error  may  occur.  It  was  claimed  that  this  random  choice  occurs  faster 
than  the  ciassif lent ion  steps;  therefore,  the  RTs  associated  with  errors 
are  shorter.  In  a different  experiment,  Halo  (1968)  gave  subjects 
conflicting  instructions  to  maximize  speed  and  minimize  error  in  a 
serial  choice  reaction  task  with  two,  four,  and  eight  alternatives. 
Response  times  on  errors  were  shorter  than  on  correct  responses,  but 
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RTs  on  errors  varied  in  the  same  way  as  RTs  on  correct  ones.  Both  the 
correct  and  error  RTs  were  lengthened  with  increasing  nximber  of  alterna- 
tives and  both  shortened  with  practice. 

In  an  experiment  more  closely  related  to  the  present  one,  Gibbs 
(1965)  found  that  step-input  tracking  RTs  on  directional  errors  varied 
in  accordance  with  stimuli  of  unequal  probabilities  (the  direction  of 
the  step  input  depended  on  a preselected  set  of  probabilities).  Response 
times  on  directional  errors  were  longer  than  on  correct  ones  when  the 
direction  of  the  step  was  unequivocal.  A similar  finding  was  reported 
also  by  Angel  and  Higgins  (1969)  with  steps  of  equal  probability.  When 
the  direction  of  the  step  was  improbable,  however,  Gibbs  found  chat  the 
RTs  on  directional  errors  were  shorter  than  on  correct  responses  and  the 
two  were  virtually  Identical  on  equiprobable  steps.  Gibbs  expressed 
surprise  with  the  results  obtained  on  unequivocal  steps  because,  they  were 
ii>'t  in  the  expected  relation  between  accuracy  and  speed.  It  is  possible, 
however,  that  this  finding  was  due  to  confounding  speed  and  accuracy 
(i.e. • "respond  as  rapidly  and  as  accurately  as  possible")  and  forcing 
the  subject  to  make  an  undefinable  tradeo’ f when  the  steps  were  improbable. 
With  unequivocal  steps  the  subjects  made  less  errors  and  the  conflicting 
Instructions  may  not  have  had  an  effect.  It  is  suggested  here  that  to 
reduce  errors  while  at  the  same  time  cespond  as  rapidly  as  poralble,  the 
subjects  relied  heavily  on  anticipatory  behavior.  In  fact,  Gibbs  reports 
tlkat  anticipatory  movements  were  common  in  the  subjects  who  made  the 


most  errors. 
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In  the  present  experiment,  an  effort  was  made  to  insure  that 
conflicting  sets  for  speed  and  accuracy  did  not  occur.  The  stimulus 
probability  was  equiprobable  as  in  Gibbs*  experiment  except  that  there 
were  more  alternatives  to  choose  from.  Yet  RTs  to  reversals  and  axis 
errors  were  consistently  shorter  than  correct  ones,  rather  than 
Identical.  There  was  a tendency  for  reversal  error  RTs,  and  a stronger 
tendency  for  axis  error  RTs,  to  be  subject  to  the  same  variables  that 
Influenced  correct  responses.  Moreover,  the  axis  effect  on  both  types 
of  errors  was  extremely  compelling. 

Why  are  error  responses  shorter  than  correct  ones  and  why  do  they 
seem  to  obey  the  same  rules  governing  correct  responses?  An  answer,  to 
the  .first  part  of  the  question  may  be  sought  in  terms  of  the  subject's 
behavior  during  the  period  immediately  preceding  the  onset  of  the 
stimulus  event.  It  was  already  mentioned  that  Gibbs'  subjects  made 
small  anticipatory  movements  before  the  stimulus  onset.  If  a subject 
is  set  for  speed  and  the  stimulus  event  is  improbable,  his  haste  to 
respond  engenders  errors  with  short  latencies.  The  amount  of  processing 
of  information  prior  to  the  stimulus  event  may  account  for  the  short 
RTs  on  these  errors. 

While  anticipatory  behavior  may  account  for  the  short  RTs  on  errors, 
it  does  not  provide  a complete  answer  to  the  second  part  of  the  question 
posed  at  the  beginning  of  the  preceding  paragraph.  To  determine  why 
error  responses  seem  to  be  subject  to  the  some  variables  as  correct 
responses,  the  nature  of  the  anticipatory  behavior  must  be  explored 
further.  Adams  and  Creamer  (1962)  distinguished  between  responses  that 
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benefit  from  anticipation  and  those  that  result  from  premature 
anticipation.  The  former  infers  that  anticipatory  mechanisms  are 
initiated  prior  to  the  onset  of  the  stimulus  and  result  in  superior 
tracking  performance.  Responses  that  are  prematurely  anticipatory, 
however,  are  claimed  to  result  in  poorer  performance.  While  these 
investigators  applied  these  terms  to  continuous  tracking  tasks,  rather 
than  to  step  Inputs,  a combination  of  these  two  forms  of  anticipation 
may  serve  to  explain  the  results  obtained  in  the  present  experiment. 

In  some  respects  the  task  required  of  subjects  can  be  likened  to 
classical  reaction  time  tasks.  When  the  subject  awaits  the  onset  of 
the  stimulus  event  errors  are  less  likely  to  occur,  but  the  latency  Is 
expected  to  be  considerably  longer.  Beneficial  anticipation  allows  him 
to  pre;’lct  when  a stimulus  event  is  to  take  place  and  to  select  the 
most  probable  response  among  the  possible  stimulus  alternatives.  When 
response  selection  is  initiated  prior  to  the  time  that  anticipatory 
processes  are  complete  the  subject  may  likely  respond  prematurely  and 
&ak»  an  error.  This  doer  not  mean  that  some  beneficial  anticipation 
did  not  occur.  It  simply  claims  that  tlie  process  was  terminated  early. 
Accordingly,  variables  that  had  an  effect  on  correct  responses  may 
appear  also  in  the  errors  because  some  processing  actually  occyrred. 

If  this  model  of  anticipatory  behavior  accounts  for  the  results  obtained 
in  this  experiment,  then  it  would  also  predict  that  some  correct 
responses  would  have  short  RT.  That  Is,  if  the  anticipatory  process  la 
terminated  early,  the  selection  of  a response  Is  roughly  random  (as 
claimed  by  aerial  claaslficatlCNa  models),  but  on  occasions  may  result 
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in  the  selection  of  a correct  response.  Analysis  to  this  level  of 
detail  was  not  carried  out  on  the  data  from  the  present  experiment. 

It  was  suggested  earlier  that  the  reduction  in  the  proportion  of 
errors  in  SAI  represented  the  subject's  ability  to  learn  to  ignore  the 
effects  of  motion  with  practice.  It  is  further  suggested  here  that 
anticipation  plays  a role  in  this  learning  process.  As  a sequence  of 
stimuli  is  presented,  the  subject  learns  that  there  is  a limited  set  of 
visual-motion  combinations  presented  to  him  (1. e. , he  learns  something 
about  the  composition  of  the  stimulus  events,  including  the  probability 
that  a particular  stimulus  combination  may  occur).  Rather  than  ignore 
motion  in  SAI,  for  example,  he  learns  that  a stick  deflection  in  the 
direction  of  the  platform  motion  will  result  in  a correct  response. 
Beneficial  anticipation  allows  the  subject  to  select  from  the  possible 
stimulus  alternatives  and  then  prepare  himself  for  control  stick 
deflections  in  the  opposite  direction  (but  the  same  axis)  from  the  one 
expected  to  reduce  conflict.  As  indicated  previously,  this  process  was 
more  difficult  in  DAI  because  the  visual-motion  combinations  were  twice 
those  in  SAI.  Finally,  it  is  proposed  that  anticipation  may  serve  to 
account  for  the  effects  discussed  next. 

Amendment  Time 

When  a control  movement  is  executed  in  the  wrong  direction,  the 
subject  must  initiate  a correction.  The  time  interval  between  the 
onset  of  an  error  response  and  the  onset  of  the  correction  Is  referred 
to  as  amendment  time.  Gibbs  (1965)  found  that  with  practice  his 
subjects  were  able  to  reduce  amendment  time  on  errors  from  .24  to 
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.11  sec.  He  claimed  that  the  latter  figure  was  much  too  short  for 
visual  feedback  to  occur.  Gibbs  inferred  that  kinesthetic  feedback  from 
the  incorrect  movement  facilitated  the  subject  and  allowed  him  to  make 
a very  rapid  correction.  An  investigation  reported  by  Keele  and  Posner 
(1968)  would  tend  to  support  this  notion.  They  found  that  it  takes 
190-260  msec  to  process  visual  feedback. 

In  an  experiment  similar  to  that  of  Gibbs’,  Angel  and  Higgins  (1969) 

found  also  that  subjects  are  able  to  arrest  a movement  in  less  than  the 

* 

estimated  time  needed  for  visual  feedback.  That  kinesthetic  feedback 
accounts  for  the  rapid  amendment  tine,  however,  is  subject  to  question. 
Chernlkoff  and  Taylor  (1932)  reported  kinesthetic  reaction- time  to  be 
118.9  msec  and  concluded  that  this  tine  period  was  much  too  long  to 
permit  continuous  voluntary  movements  through  feedback.  In  a more  recent 
experiment,  Higgins  and  Angel  (1970)  measured  kinesthetic  reaction  tine 
and  amendment  time  to  errors  in  a task  similar  to  the  one  used  by  Gibbs. 
They  found  that  kinesthetic  reaction  time  Vanged  108-169  ms*c,  but 
amendment  time  ranged  83-122  nsec.  Finally,  Angel,  Garland,  and  Flschler 
(1971)  conducted  a study  to  make  certain  that  visual  feedback  did  not 
play  a role.  Using  a tracking  task,  they  hid  the  response  marker  from 
view  until  it  was  more  than  half  way  to  the  target  position.  It  was 
found  that  errors  were  corrected  while  the  marker  was  still  out  of 
view! 

If  neither  visual  nor  kinesthetic  sensory  feedback  plays  a role, 
how  then  are  errors  detected?  Adams'  (1968)  closed-loop  theory  states 
"that  the  consequences  of  a response  with  sufficient  habit  strength  to 
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occur  are  fed  back  and  compared  with  a reference  which  is  the  desired 
value  for  the  system.  Any  difference  between  a reference  and  its 
response  feedback  is  error,  and  detection  of  error  results  in  a response 
sequence  that  can  lead  to  error  nulling"  (p.  493).  This  theory,  however, 
assumes  that  "proprioceptive  stimuli  can  guide  well-learned  response's 
because  current  proprioceptive  stimuli  from  our  movements  are  compared 
against  their  reference  levels  from  past  learning  and  are  recognized  as 
correct"  (p.  499).  Adams  (1961)  suggested  that  under  certain  conditions, 
such  as  tracking,  the  restraints  of  an  elementary  efferent-afferent  loop 
can  be  sidestepped.  Guidance  is  then  received  from  learned  internal 
sources.  In  citing  other  investigators  Adams  concluded  that  learning  to 
anticipate  sequences  may  be  characteristics  of  tracking  tasks  and  result 
in  shortened  reaction  time  values. 

Keele  (1968)  offered  an  alternative  interprotationi.  Mo  suggested 
"that  at  the  appearance  of  a sigr.nl,  a motor  comaand  is  issued  to  move 
in  the  most  probable  direction.  As  the  slgi^al  is  further  processed, 
the  correct  direction  is  dotormined  and  compared  with  the  just  issued 
command,  and  if  there  is  a discrepancy,  a motor  command  to  reverse 
direction  is  issued"  (p.  39S).  He  claimed  that  motor  programs  (i.e., 
motor  commands)  can  be  structured  before  a movement  takes  place  and  that 
the  movement  itself  is  carried  out  uninfluenced  by  peripheral  feedback 
(i.e.,  au  upun-loup  control).  Titus,  the  feedback  involved  in  a 
correction  of  a response  is  of  central  origin.  This  concept  serves  to 
understand  the  process  involved  in  a series  of  predictable  movements. 
Angel  and  bis  colleagues  offered  a similar  suggestion;  the  subject  is 


able  to  monitor  his  ovm  behavior  internally  with  some  reference  value. 
Responses  are  then  arrested  prematurely  before  information  is  fed  back 
from  the  periphery. 

As  noted  in  the  Results,  amendment  times  in  the  present  experiment 
were  comparable  to  those  reported  by  the  Investigators  cited  above. 

Pilots  tended  to  have  shorter  amendment  times  than  navigators  and 
inexperienced  subjects.  The  average  time  for  each  of  these  groups  in 
Session  4 was  .06,  .12,  and  .11  sec.,  respectively,  in  SAl.  Previous 
experience  with  tracking  tasks  may  account  for  the  differences  between 
pilots  and  non-pilots.  It  may  also  account  for  the  significant  reduction 
of  amendment  time  with  practice  among  pilots.  Nevertheless,  all  subjects 
reduced  time  to  levels  below  those  that  are  claimed  to  be  needed  to 
process  visual  and  kinesthetic  feedback.  Obviously,  information  from 
both  senses  was  available,  but  it  contained  no  information  as  to  the 
correctness  of  the  response  (as  would  be  claimed  by  sote  of  the 
previously  cited  investigators).  Yet,  as  indicated  several  times,  the 
corrective  responses  were  almost  always  in  the  appropriate  direction 
and  axis.  It  could  be  argued  that  motion  in  SAI  provided  cues  and 
allowed  Che  processing  of  proprioceptive  feedback  (pertiaps  vestibular) 

CO  occur  before  the  processing  of  visual  feedback  began.  Possible 
evidence  was  cited  earlier  to  the  effect  that  an  operator  may  receive 
information  from  proprioceptive  senses  in  advance  of  those  received 
tturough  visual  ones  (Hatheny,  et  al.,  1963).  The  present  experlnent, 
provided  further  support  to  this  possibility.  To  determine  whether 
motion  had  an  effect  on  amendment  time,  it  vaa  decided  to  compute  these 
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measures  from  data  obtained  in  the  last  session  of  the  experimental 
condition  where  motion  cues  were  absent  (VO)  and  where  the  visual- 
motion  relationships  were  compatible  (SAC).  Amendment  time  ranged 
.10-. 18  sec.  on  both  VO  and  SAC.  Thus,  it  is  concluded  that  motion  cues 
were  not  responsible  for  these  short  amendment  tiroes. 

If  motion  cues  are  not  involved  in  the  subject's  ability  to 
recognize  his  own  mistakes  so  rapidly,  by  what  means  is  error  detection 
mediated?  Higgins  and  Angel  (1970)  suggested  that  the  subject  is  able 
to  monitor  his  own  motor  commands  with  some  reference  value  and  arrests 
the  response  prematurely  when  there  is  a discrepancy,  before  information 
is  fed  back  from  the  senses.  It  is  proposed  here  that  anticipatory 
behavior  is  heavily  involved  in  error  detection,  but  that  the  responses 
are  not,  arrested  prematurely  (although  they  may  be  premature  for 
feedback  to  occur).  To  maintain  smooth  control,  it  is  possible  that 
the  subject  need  not  depend  on  feedback  at  all. 

The  following  conceptual  model  is  offered  for  consideration:  The 

subject  begins  processing  information  prior  to  the  onset  of  the  stimulus 
and  has  a rough  expectation  that  the  chosen  response  has  some  probability 
of  being  in  error,  the  subject  terminates  the  process  early  and  in  his 
haste  to  respond  toakes  an  error.  At  this  point  he  has  stimulus  informa- 
tion still  available,  but  awaits  for  confirmation  that  the  original 
decision  was  in  fact  erroneous.  To  maintain  smooth  tracking  performance, 
the  subject  decreases  the  rate  of  control  stick  deflection  and  terminates 
the  movement  when  the  original  expectation  of  an  error  is  confirmed. 

The  correction  of  the  error  then  proceeds  and  the  response  is  influenced 
by  the  same  variables  aa  an  originally  correct  one. 
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EviJence  for  the  above  comes  from  two  sources.  First  it  is 
assumed  that  a correct  response  is  initiated  when  the  processing  of 
the  stimulus  is  complete.  This  processing  takes  time  and  results  in 
longer  RT,  but  faster  MR.  If  processing  is  incomplete  as  in  the  case 
of  errors,  then  additional  time  is  needed.  Moreover,  if  RT  to  a correct 
response  is  representative  of  the  minimal  time  needed  to  process  stimulus 
information,  then  the  point  wt^ere  correction  time  is  computed  must 
represent  the  time  needed  to  complete  the  processing  of  the  visual 
information  available  to  the  subject  when  he  has  made  an  error. 
Confirmation  of  this  possibility  was  obtained  when  RTs  on  correct 
responses  were  compared  to  correct  RTs  to  reversal  errors.  The  differ** 
once  failed  to  reach  significance,  although  there  was  a very  slight 
tendency  for  correction  RTs  to  bo  shorter  than  those  of  the  originally 
correct  responses.  In  addition,  RTs  on  reversal  errors  did  not  increase 
with  practice  (to  provide  time  needed  for  continued  information 
processing).  In  fact  tlte  RTs  remained  relatively  homogeneous  throughout 
(Gottsdanker,  1956,  also  found  tliat  Rts  to  errors  are  stable  regardless 
of  practice),  but  there  was  an  observable  decrease  in  correction  RTs. 
This  finding  suggests  that  once  a decision  is  made,  the  response 
proceeds  without  modification  until  processing  of  the  sth&ulus  Informa** 
tion  is  complete  and  the  original  expectation  of  on  error  is  confirmed. 
With  practice  the  subjects  learns  to  process  the  information  at  a higher 
rate  (or  learns  the  probabilities  of  the  stimulus  events)  and  is  able  to 
maintain  smoother  performance. 

The  above  discussion  implies  that  a subject  compensates  for  short 
Rts  associated  wltlt  errors  by  decreasing  the  rate  of  movement.  A 
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decrease  In  MR  would  provide  the  subject  with  the  additional  time 
needed  to  complete  the  processing  of  stimulus  information  and  allow  him 
to  halt  the  movement  sooner,  but  not  prematurely.  The  latter  is  not 
without  support  from  other  sources.  Beare  and  Kahn  (1967),  for  example, 
found  that  tracking  error  decreases  as  the  average  rate  of  stick 
movement  decreases.  Accordingly,  the  second  evidence  for  the  proposed 
conceptual  model  comes  from  an  analysis  of  MRs  on  reversal  errors. 

Uelford  (1968)  noted  that  the  execution  of  movements  is  in  many  ways 
distinct  from  decisions  to  initiate  them.  Attempts  to  find  a correlation 
between  RT  and  the  speed  of  a movement  have  been  reported  by  several 
investigators.  Clark  and  Clines  (1962),  Henry  (1961),  and  Smith  (1965) 
found  little  or  no  correlations  and  concluded  that  the  speed  of  a 
movement  cannot  be  predicted  from  knowledge  of  reaction  time.  Most  of 
these  studies  were  conducted  with  largo  muscle  groups  or  oven  with  whole 
body  movements  and  the  distances  wore  usually  very  long. 

Utien  the  RTs  on  correct  responses  and  reversal  errors  were 
correlated  with  MRs  on  those  responses  in  the  present  experiment,  it 
was  found  that  there  was  a definite  positive  relationship,  r • .57; 
t (141)  - 8.22,  £ < .01.  It  was  concluded  that  the  short  RTs,  eherac- 
teristic  of  errors,  are  associated  with  slow  HRs  and  that  the  longer 
RTs  on  correct  responses  are  followed  with  faster  MRs,  This  finding 
provides  some  conlirt&atioti  to  the  notion  that  the  subject  compensates 
for  the  shortness  of  his  error  RT  by  decreasing  the  rate  of  his  control 
movement.  A slower  taoveaent  need  not  be  commit tod  to  run  its  full 
course;  rather,  it  con  be  modified  and  terminated  when  the  subject  has 
completed  the  necessary  information  processittg  functions. 
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To  suinmarize  the  foregoing  analysis,  it  appears  that  anticipatory 
behavior  has  a bearing  on  the  short  amendment  time  reported  by  several 
investigators  arid  also  found  in  the  present  experiment.  The  subject 
has  some  expectation  of  making  an  error  and  responds  rapidly  before  the 
necessary  processing  of  the  stimulus  information  is  Complete.  He  then 
slows  his  movement:  in  order  to  continue  processing  and  sampling  the 
stimulus  information.  A corrective  response,  having  the  same  or  similar 
characteristics  of  an  originally  correct  one,  is  then  executed.  It  is 
further  claimed  that  this  process  can  occur  without  recourse  to  sensory 
information  fed  back  from  the  subject's  control  actions.  Ttte  Information 
provided  by  the  stimulus  is  ptoeesaed,  not  the  error  added  by  the 
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Appendix  A 


PRELIMmRY  INVESTIGATION 

'^he  purpose  of  this  preliminary  investigation  was  to  assess  the 
suitability  of  the  experimental  configuration,  Including  the  equipment, 
tasks,  procedures,  and  performance  measures  for  the  Issues  being 
explored.  Accordingly,  it  was  of  Interest  to  ascertain  whether  the 
overall  methodology  employed  would  result  in  trends  in  the  predicted 
direction.  To  avoid  duplication  in  the  discussion  of  this  investiga- 
tion, it  will  be  assumed  that  the  reader  has  reviewed  the  Experimental 
Procedure. 


Method 


Apparatus 

The  visual  system,  motion  system,  operator  station,  experimenter 
station,  and  computer  system  Interfaces  were  those  described  in  the 
Experimental  Procedure.  Prior  to  the  initiation  of  the  preliminary 
investigation,  considerable  effort  was  devoted  to  the  selection,  and 
implementation  of  appropriate  hardware/software  for  the  experiment. 
Several  subjects  (pilots  and  non-pilots)  participated  in  pre- 
preliminary tests  to  determine:  (1)  lde.al  locations  for  targets  on 

the  terrain  model;  (2)  appropriate  visual  and  motion  displacement 
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rates;  (3)  Ideal  control  stick  sensitivity;  and  (4)  the  best  methods 
for  data  acquisition  and  extraction. 

Training  and  Experimental  Tasks 

Both  the  training  and  experimental  tasks  were  Identical  to  those 
described  in  the  Experimental  Procedure. 

Experimental  Conditions 

Four  of  the  five  conditions  described  in  the  Experimental 
Procedure  were  employed.  These  were:  visual  only  (VO) ; motion  only 

(MO) ; single  axis  incompatible  (SAl) ; and  single  axis  compatible  (SAC) . 

Subjects 

Twelve  male  volunteers*  all  uniformed  members  of  the  United  States 
Air  Force*  served  as  subjects.  These  subjects  were  assigned  to  one  of 
three  experience  groups  consisting  of  four  pilots*  four  navigators*  and 
four  non-rated  (Inexperienced)  officers.  Each  subject  was  administered 
a questionnaire  (see  Appendices  B*  C.  and  D)  in  order  to  obtain 
relevant  background  Information.  The  results  are  summarized  below: 
Pilots.  The  average  age  of  the  pilots  was  36.3  and  ranged  from 
29  to  46  years.  All  possessed  at  least  four  years  of  higher  education 
Osean*  5.5  years  and  a range  of  4 to  8 years).  The  mean  number  of 
flying  hours  was  1*337  with  a range  of  700  to  3*890.  The  mean  number 
of  years  of  flying  experience  was  9.8.  All  pilots  were  right  handed 
and  none  reported  a susceptibility  to  motion  sickness. 

Navigators.  The  average  age  of  navigators  was  41.5  and  ranged 
from  37  to  46  years.  All  possessed  at  Isast  five  years  of  higher 
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education  (mean,  5.9  years  and  a range  of  5 to  6 years).  The  number  of 
flying  hours  was  4,070  of  navigational  experience  with  a range  of  3,350 
to  5,100).  The  mean  number  of  years  of  experience  was  16.1.  Three  of 
the  four  navigators  reported  that  they  had  some  informal  pilot  experi" 
ence,  but  in  all  cases  this  had  occurred  at  least  7 years  prior  to  the 
experiment.  One  navigator  was  left  handed  and  nonf*  reported  a 
susceptibility  to  motion  sickness. 

Non-rated.  The  average  age  of  the  non-rated  subjects  was  30,3, 
with  a range  of  25  to  36  years.  All  possessed  at  least  six  years  of 
higher  education  (mean,  6.1  and  a range  of  6 to  6.5  years).  None 
reported  having  previous  formal  or  Informal  piloting  experience.  All  of 
these  subjects  were  right  handed  and  none  reported  a susceptibility  to 
Qu)tlon  sickness. 

Design 

One  subject  from  each  of  the  experience  groups  was  assigned 
randomly  to  one  of  the  four  conditions.  The  design  was  identical  to 
that  reported  in  the  Experimental  Procedure,  except  that  data  were 
acquired  over  three  experimental  sessions,  rather  than  four.  Thus  the 
total  number  of  trials  wee  120,  instead  of  160,  on  each  subject.  A 
summary  of  the  total  number  of  trials  and  responses  in  the  preliminary  ' 
investigation  is  provided  in  Table  28. 

Procedures 

The  procedures  /ere  Identical  to  those  reported  in  the  Experimental 


Procedure. 


o o o 

(0  (d 

o o o 

o o o 

CS  csi 

H «H  H 

CM  O O 

CM  CM  CM 

00  ^ 00 

rH 

CM  m 
H H 

rM  CM  iH 
H f-4 

102 

116 

112 

00  vd 

O 00 

iH 

O'  00  O' 
r-4  O O 
•H  fM  »H 

1-4  CNJ 

O r-l  o 

o o b 

m lA  m 

CM  vO  vC 
H 

CM 

CM  O 

O'  »S.  fs.. 

H 

CM  O O' 

00  IM.  M 

sr  m 

W rH  1/^ 
N Cn  CM 

O CM  \0 

in  <A  n 

o 

O O 

O »-4  o 

iTl  O 

M »H 

m CM  r>* 

Mf  «n 

O sr  sf 
CM  H 

aA  #-4  Mf 

op  vO 
Mf  <r 

O'  lA  i-l 
CM  CM  (A 

O 00  »-c 
m sr  sf 

Pilot 

Navlg. 

K-R 

Pilot 

Navig. 

N-R 

ii  M 
0 -H 
i-t  > ei 

•H  eg  1 
&•  Z S5 

VO 

IVS 

SAC 

\0  fH 


VO  CO  tn 
CM  CM 


^Equipment  problejns  prevented  the  presentation  of  two  blocks  of  trials 
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Performance  Measures 

Data  acquisition.  Data  acquisition  was  identical  to  that  reported 
in  the  Experimental  Procedure. 

Tolerance  limits  on  control  stick  activity.  As  explained  in  the 
Experimental  Procedure,  data  obtained  for  this  preliminary  investigation 
were  used  to  obtain  the  tolerance  limit  values  to  be  estployed  as 
decision  criteria  for  presenting  subjects  with  trial  stimuli,  as  well  as 
to  identify  the  temporal  location  in  the  tracking  records  in  which  the 
subject  responded  to  a stimulus.  Obviously,  tolerance  limits  were  not 
available  prior  to  the  preliminary  investigation.  Thus,  it  was 
particularly  important  to  insure  that  trial  stimuli  be  presented  to  the 
subjects  under  the  most  stable  conditions  and  when  stick  activity  was 
minimal,  if  not  at  z&ro  precent. 

Computed  performance  measures.  The  computed  measures  of  perform- 
ance were  restricted  to  (1)  response  time  (RT)  on  correct  responses, 
reversal  errors,  and  axis  errors;  (2)  movement  rates  (HR)  for  correct 
responses,  reversal  errors,  and  axis  errors;  and  (3)  the  proportion  of 
errors.  The  methods  of  cemtputation  were  Identical  to  those  presented 
it*  the  Exporimental  Procedure. 


Results 

The  data  obtained  from  the  preliminary  investigation  were  reduced 
to  means  and  proportions,  but  were  not  submitted  to  statistical 
analyses.  The  results  sre  presented  as  observabte  trends  in  the  data 
only.  ' 
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RT  and  MR  in  VO.  SAI,  and  SAC 

Correct  responses.  The  mean  RTs  to  correct  responses  are  summarized 
in  Table  29.  There  was  a tendency  for  VO  to  result  in  longer  RTs  than 
SAX  and  SAC  (.72,  .66,  .64  sec.,  respectively).  These  differences, 
however,  were  more  clearly  evident  In  the  roll  axis  (.80,  .71,  and 
.67  sec.)  than  pitch  (.64,  .59,  and  .60  sec.).  The  pilots  tended  to 
respond  with  shorter  RTs  than  navigators  and  non-rated  subjects,  but  the 
mean  differences  were  extremely  small  (.66,  .68,  and  .68  sec., 
respectively).  The  pilot  in  the  SAC  condition,  however,  was  slower 
in  responding  than  the  non-pilots  (this  may  have  been  due  to  the  rather 
infrequent  flying  experience  reported  by  this  subject). 


TABLE  29 

Mean  Response  Times  (in  sec. ) to  Correct  Responses  and  to 
Reversal  ani  Axis  Errora  in  VO,  SAX,  and  SAC 


Condi- 

tions 

Subjects 

Pitch 

Roll 

Correct 

responses 

Reversal 

errors 

Axis 

errors 

Correct 

responses 

Reversal 

errors 

Axis 

errors 

Pilot 

.63 

,20 

.43 

.78 

.33 

.69 

VO 

Hsvlg. 

.60 

.57 

,42 

.82 

,40 

.46 

Non-tsted 

.69 

.48 

.20 

.81 

.33 

Pilot 

.51 

.41 

.36 

.64 

.40 

.42 

SAX 

Nsvig. 

.66 

.60 

.30 

.75 

.63 

,53 

Non-rated 

.61 

.50 

.20 

.75 

.56 

.45 

Pilot 

.66 

CD 

• 

.32 

.72 

.35 

.47 

SAC 

Navig. 

.53 

.30 

.30 

.63 

— 

.36 

Non-rated 

.62 

.46 

.43 

.67 

.56 

.46 
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The  mean  MRs  on  correct  responses  arc  presented  In  Table  30.  There 
was  a strong  tendency  for  MRs  to  be  slower  in  SAC  than  VO  and  SAI  (1.5. 
2.1,  4.1*/. 05  sec.,  respectively).  MRs  in  SAI  were  faster  than  in  vo 
and  SAC  on  both  axes.  There  was  no  appreciable  difference  in  HR  between 
pilots,  navigators,  and  non-rated  subjects  (2.6,  2.6,  and  2. 5®/. 05  sec.). 
Mean  MR  to  pitch  was  somewhat  slower  than  to  roll,  but  the  difference  was 
very  small  (2.3  vs.  2. 8*/. 05  sec.).  •Differences,  however,  were  more 
clearly  evident  in  SAI  (3.7  vs,  5.1*/. 05. sec.)  than  VO  (2,2  vs,  2.1*/ 

.05  sec.)  and  SAC  (1,2  vs.  1.7*/, 05  sec.). 


TABLE  30 

Mean  Kovcment  Rates  (in  */.0S  sec.)  to  Correct  Responses  and  to 
Reversal  and  Axis  Errors  in  VO,  OAl,  and  SAC 


Condi- 

tions 

Subjects 

Pitch 

Roll 

Correct 

responses 

Reversal 

errors 

Axis 

errors 

Correct 

responses 

Reversal 

errors 

Axis 

errors 

Pilots 

2.8 

.2 

.6 

2.2 

.3 

s 

.6 

VO 

Navig. 

2.5 

1.7 

1.7 

2.0 

.9 

.4 

Non-rated 

1.2 

.6 

.3 

2.0 

— 

.3 

Pilots 

3.6 

1.3 

1.7 

4.7 

2.3 

.8 

SAI 

Havig. 

3.6 

1.6 

1.3 

4.1 

3.1 

.7 

Non-rated 

3.9 

2.7 

1.8 

4.5 

1.6 

Pilots 

1.0 

.9 

1.2 

l.l 

.3 

.3 

SAC 

Navig. 

1.2 

.2 

.6 

1.9 

. — 

.4 

Non-rated 

1.3 

.4 

1.6 

2.1 

1.3 

.4 

Reversal  errors.  Mean  RTs  are  presented  In  Table  29.  In  contrast 
to  correct  responses,  mean  RTs  on  reversal  errors  appeared  to  be  about 
the  same  on  all  conditions,  except  that  SAI  resulted  in  slightly  longer 
RT  (.52  sec.)  than  VO  (.41  sec.)  and  SAC  (.41  sec.).  As  with  correct 
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responses,  pilot  RT  was  shorter  (,37  sec.)  than  navigators*  and  non-rated 
subjects  (.A7  and  .51  sec.).  Mean  RT  on  the  pitch  axis  was  slightly 
shorter  than  roll,  but  the  difference  was  very  small  (.44  vs.  .46  sec.), 
Mean  reversal  '»rxar  RTs  were  consistently  shorter  than  correct  responses 
on  both  axes  (.44  vs.  .61  sec.  on  pitch  and  .46  vs.  .72  sec.  on  roll). 

Kean  on  reversal  errors  are* summarised  in  Table  30.  MRs  in  SAI 

tended  to  fee  faster  than  VO  and  SAC  (2.1,  .7,  and  .6*/. 05  sec., 
respectively).  There  was  little  observable  difference  between  pilots, 
naviijators,  and  non-rated  subjects  (.9,  1.3,  and  1.2*/. 05  sec., 
respectively).  Mean  HR  on  the  pitch  axis  tended  to  be  slower  than  roll, 
but  the  difference  was  very  small  (1,1  vs.  1.4*/, OS  sec.,  respectively). 
Mean  MRa  to  reversals  were  slower  than  to  correct  responses  on  both 
axes  (1.1  va.  2. 3*/. 05  sec.  on  pitch  and  1.4  vs.  2.S*/.05  sec.  on  roll). 

Axis  errors.  Kean  Rts  to  axis  errors  are  suaoarixed  in  Table  29. 

Rts  tended  to  be  longer  In  VO  than  SAl  and  SAC,  but  the  difference  was 
small  (.42,  .38,  and  .35  sec.,  respectively).  Non-pilot  Rts  tended  to 
be  shorter  than  pilot  RT,  but  the  difference  was  stoall  (.45,  .40, 

.35  sec.,  respectively).  Pitch  RT  was  shorter  than  roll  (.33  vs. 

.46  sec.).  As  with  reversals,  axis  error  Rts  were  consistently  shorter 
than  correct  responses  on  both  axes  (.33  vs.  .61  sec.  on  pitch  and 
.46  vs.  .72  sec.  on  roll). 

Mean  NRs  associated  with  axis  errors  are  shown  in  Table  30.  MRs 
In  SAX  tended  to  be  faster  than  VO  and  SAC  (1.2,  17,  and  .8*/. 05  sec., 
respectively).  There  was  no  difference  in  HRs  between  pilots,  naviga- 
tors and  noo-rated  officers  (.9,  .9,  and  .9*/, 05  see.,  respectively). 
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Unlike  correct  responses  and  reversal  errors,  MRa  associated  with  axis 
errors  were  slower  on  roll  than  pitch  (.5  vs.  1.2*/. 05  sec.).  It  must 
be  noted,  however,  that  an  axis  error  on  pitch  was  due  to  a lateral 
stick  deflection.  MRs  were  typically  faster  on  lateral  than  longi- 
tudinal stick.  As  with  reversals,  HRs  associated  with  axis  errors  were 
slower  than  correct  responses  on  both  axes  (1.2  vs.  2. 3* ^.05  sec.  on 
pitch  and  .5  vs.  2. 8*/. 05  sec.  on  roll). 

RT  and  MR  in  MO 

A response  in  this  condition  was  considered  an  error.  Two  types  of 
errors  vet6  possible:  '‘consistent”  and  "inconsistent.”  A "consistent” 

response  was  one  in  which  axis  and  directionality  of  stick  deflection  was* 

at 

coBaDensurate  with  the  expected  response  to  motion.  An  "inconsistent” 
response  was  one  In  which  stick  deflection  was  either  on  the  wrong  axis 
and/or  direction  with  respect  to  motion.  As  noted  from  the  data 
presented  In  Table  28,  there  were  very  few  responsrs  made  to  this 
condition.  Table  31  shows  the  mean  RTs  sud  MRs  on  "consistent” 
responses  only.  Pilots  tended  to  have  shorter  RTs  than  navigators  and 
noD'^ rated  subjects  (.45,  .65,  «ad  .61  sec.,  respectively).  There  was 
no  appreciable  difference  In  mean  MRs  between  pilots,  nsvlgators,  and 
non-tated  (.4,  I.l,  and  .6*/. 05  sec.).  Unlike  other  responses  to  the 
other  conditions,  pitch  RTs  were  longer  than  toll  (.65  vs.  .48  sec.) 
and  there  was  prsctlcslly  no  difference  in  MRs  (.6  vs.  .7*/. 05  sec.). 

In  suMacy,  the  rcaulta  obtained  in  the  MO  condition  were  aoiMtwhat 
incooclualvct  except  that  pilot  RTa  tended  to  be  ahorcer  than  ttM>se  of 
non-pllota. 
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TABLE  31 

Mean  Response  Tines  (In  sec.)  and  Movement  Rates  (In  °/.05  sec.) 
in  Condition  MO  ("Consistent*'  Only) 


Subjects 

Pitch 

Roll 

RT 

MR 

RT 

MR 

Pilot 

.60 

.3 

.30 

.4 

Navigator 

.80  . 

1,4 

.50 

.7 

Non'^rated 

.56 

,2 

.65 

.9 

Error  Rates  in  VO.  SAI,  and  SAC 

Reveraal  errors.  The  proportions  of  reversal  errors  are  sumnarlaed 
in  Table  32.  All  subjects  made  a greater  proportion  of  reversal  errors 
in  SAI  than  VO  and  SAC  (.32»  .07»  and  .06).  The  effect  of  practice,  as 
■easured  by  the  proportion  of  reversal  errors  over  the  three  cessions » 
was  evidenced  in  SAI  (.49,  .27,  and  .22)  by  all  subjects  (pilots:  .59, 
.30,  and  .22;  navigators:  .28,  .17,  and  .24;  non-rated:  .59,  .33,  and 
.20).  Vo  such  effect  vaa  found  in  VO  (.05,  .09,  and  .08)  and  only 
slightly  in  SAC  (.11,  .03,  and  .05).  Ttie  reduction  in  errors  in  SAC 
between  the  first  and  second  session  was  due  to  the  nou»rated  subject. 
Finally,  practice  tended  to  liave  its  effect  primarily  in  the  flrat 
aaaalon. 

In  general,  there  was  no  aubatantlal  difference  in  the  proportion 
of  arrora  by  plloea,  navigators,  and  non-rated  subjects  (.16,  .11,  and 
.18),  although  the  navigator  tended  to  make  leas  errors  in  SAI  (.23) 
than  the  pilot  (.37)  and  cha  nonorated  subject  (.37).  There  a 
tandancy  for  pitch  atlanili  to  raault  In  a greater  proportion  of  reveraal 
exrora  than  roll,  but  the  differanca  was  aaall  (.17  vs.  .13). 
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TABLE  32 


Proportion  of  Reversal 

and  Axis 

Errors 

Conditions 

Subie.ts 

Pitch 

Roll 

Reversal 

errors 

Axis 

errors 

Reversal 

errors 

Axis 

errors 

Pilot 

.10 

.11 

.02 

.09 

VO 

Navigator 

.10 

.05 

.10 

.08 

Non-rated 

.10 

.02 

.00 

.08 

Pilot 

.36 

.07 

.37 

.22 

SAX 

Navigator 

.33 

.03 

.12 

.13 

Non-rated 

.35 

.02 

.38 

.13 

Pilot 

.08 

.08 

.04 

.12 

SAC 

Navigator 

.02 

.04 

.00 

.07 

Non-rated 

.08 

.14 

.15 

.21 

Axis  errors*  The  proportions  oi:  axis  errors  ate  presented  in 
Table  32.  All  experioental  conditions  resulted  in  about  the  same  pro- 
portion of  axis  errors  (.07,  .10,  and  .11  on  VO,  SAl,  and  SAC, 
respectively).  Practice  did  not  have  an  effect  on  the  proportion  of 
errors  made  as  evidenced  by  their  rather  random  distribution  over 
sessions.  There  was  no  substantial  difference  between  pilots,  navigators, 
and  noo-rated  subjects  (.12,  .07,  and  .10).  Pinally,  there  was  a 
consistent  tendency  among  all  subjects  to  make  a greater  proportion  of 
axis  errors  on  roll  than  pitch  (.12  vs.  .06). 

Proportion  of  Responses  in  the  HO  Condition 

The  proportion  of  responses  to  HO  are  presented  in  Table  33.  As 
will  be  recalled,  these  errors  were  classified  into  ''consistent**  and 
"inconsistent"  responses,  depending  on  whether  they  were  commensurate 
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TABLE  33 

Proportion  of  "Consistent"  and  "Inconsistent"  Responses  in  MO 


Sub.iects 

Pitch 

Roll 

"Consistent" 

"Inconsistent" 

"Consistent"  "Inconsistent'.' 

Pilot 

.03 

.00 

.07 

.00 

Navigator 

.14 

.11 

.14 

.11 

Non-rated 

.11 

.05 

.11 

.14 

with  the  notion  function.  It  will  be  noted  from  the  data  in  Table  33 
that  the  pilot  made  no  "inconsistent"  responses,  whereas  non-pilot  (i.e., 
navigator  and  non-rated)  errors  were  almost  equally  divided  between 
"consistent"  and  "inconsistent"  on  both  pitch  (.13  vs,  .08)  and  roll 
(.13  vs.  .13).  The  results  suggest  that  the  responses  made  by  non-pilots 
were  random,  but  that  motion  served  as  a cue  to  the  pilot,  even  in  the 
absence  of  the  expected  visual  cues. 

Summary 

Effects*  of  Visual-Proprioceptive 

Visual-proprioceptive  conflict,  as  represented  by  the  SAX  condition, 
tended  to  result  in  longer  RTs  on  correct  responses,  with  this  effect 
being  particularly  evident  on  the  roll  axis.  The  absence  of  motion  cues 
(VO),  also  tended  to  retard  RT  on  roll,  but  the  effect  was  not  as  strong. 
While  correct  responses  resulted  in  longer  RTs  under  conditions  of 
conflict,  the  HRs  were  faster  on  both  axes*  Also,  the  absence  of  notion 
cues  tended  to  increase  HRs. 
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Reversal  error  RIs  were  slightly  longer  in  the  conflict  condition 
and  this  was  coupled,  with  faster  MRs.  There  was  only  a small  difference 
in  RTs  associated  with  axis  errors  between  conditions,  although  the 
conflict  condition  tended  to  result  in  shorter  RTs  and  faster  MRs. 
Finally,  a consistent  finding  was  that  reversal  and  axis  errors  had 
shorter  RTs  than  correct  responses  and  the  MRs  were  always  slower. 

.The  most  compelling  evidence  for  conflict  was  the  larger  proportion 
of  reversal  errors  in  SAI  as  compared  to  VO  and  SAC.  In  addition,  the 
effects  of  practice  were  mainly  in  the  conflict  condition,  where  most 
of  the  learning  was  expected  to  occur.  In  contrast  to  reversals,  the 
proportion  of  axis  errors  was  low  in  all  conditions  and  there  was  no 
effect  that  could  be  attributed  to  practice. 

Effects  of  Prior  Experience 

There  was  some  tendency  for  pilots  to  respond  with  shorter  RTs  than 
non-pilots.  This  finding  was  particularly  evident  on  correct  responses 
and  axis  errors  in  the  conflict  condition.  Movement  rates  did  not  show 
an  effect  due  to  practice. 

All  subjects  made  more  reversals  in  RAI  than  in  the  other  condi- 
tions, but  the  differences  between  experience  groups  over  all  of  the 
conditions  were  very  small.  The  navigator  made  a eaaller  pt<H(»ottloa  of 
reversal  errors  in  SAI  than  did  the  pilot  and  the  non-reted  subject,  and 
most  of  the  learning  occurred  with  the  latter  two.  To  some  extent,  the 
large  proportion  of  reversal  errors  made  by  the  non-rated  subject  in 
SAI  cen  be  attributed  to  bis  inexperience  in  performing  tracking  tasks. 
Evidence  for  this  conclusion  can  be  found  in  the  compat^le  condition 
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(SAC)  In  which  the  non- rated  subject  made  more  reversal  errors  than  the 
pilot  and  the  navigator.  Finally^  and  as  anticipated,  there  was  no 
difference  in  the  proportion  of  axis  errors  between  experience  groups. 

Evidence  for  the  effect  of  motion  cues  on  performance  of  pilots  can 
be  found  in  the  MO  condition.  The  pilot  RTs  in  this  condition  were 
shorter  than  those  of  con-pilots  and  all  of  his  responses  were 
"consistent"  relative  to  motion.  Since  non-pilot  responses  were 
randomly  distributed  between  "consistent"  and  "inconsistent"  responses, 
it  cannot  be  ascertained  whether  these  subjects  actually  responded  to 
the  motion  stimuli. 

Effect  of  Axle 

Response  times  to  correct  responses  were  consistently  slower  on 
roll  than  pitch  and  the  MRs  were  generally  faster,  although  the  latter 
was  more  clearly  evident  in  the  conflict  condition.  Neither  reversal 
nor  axis  error  RTs  and  KRs  shoved  strong  effects  due  to  axis.  Finally, 
it  had  been  anticipated  that  toll  stimuli  would  result  in  a greater 
proportion  of  reversal  errors  than  pitch,  but  no  such  evidence  was  found 
in  the  data  (the  results  were  somewhat  mixed,  with  some  subj^;:  t spiking 
more  errors  on  roll  than  pitch  and  others  making  more  errors  on  pitch). 
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Conclusions 


In  general)  the  results  of  this  preliminary  Investigation  were 
'encouraging.  Some  of  the  data,  however ».  did  not  reveal  the  strong 
effects  that  had  been  anticipated  (e.g.,  the  effect  of  axis  on  errors), 
but  much  of  the  variability  In  the  data  could  easily  be  attributed  to 
factors  associated  with  the  selection  of  subjects.  Upon  completion  of 
this  Investigation,  It  was  concluded  that  (1)  the  experimental  procedures 
were  satisfactory;  (2)  the  methods  for  computing  performance  measures 
also  were  satisfactory;  but  (3)  greater  care  needed  to  be  taken  in 
selecting  subjects  for  the  experiment. 
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mors 


- T«i«phoQC  cst«nalaa _ Syabol 

U«t  Writ  HI  ' 

(I)  Hnk  ____  (2)*  0«t«  o£  birth  (3)  Yt*ra  o£  bl|ih«r  aducattoo 

(4)  Dagraa(a)  (5)  FlaU  o£  atudy 

<6)  DutyAFSC  <7)  Tltla («)  Job  Titla  

(J)  OcgaolaatloQ  • 

(10)  Ylytng  atatua:  (a)  Coda  (b)  Data  _____ 

(11)  Moat  raeaat  aircraft  pllotadt  (a)  Typa  ot  alrcratt  ______  (b)  Data  ________ 

(12)  Typaa  ot  mllttary  aircraft  la  vhlch  you  vara  chackad  outt 

(a)  Tyya  of  aircraft  (b)  Ikity  AKC  (e)  Craw  poolttona  (d)  Flying  (a)  (habar  of  (t)  Inatruetor 

houta  yaara  (Taa/Mo) 


(U)  Duty  aircraft  In  order  ot  ytofletaacy  (high  to  lew)t 

, <a)  Tyyt  of  aircraft  (b)  Craw  yoaltlona  (c)  Uat  year  flowa 


(14)  Hava  you  over  had  clvlllaa  pilot  tralnlng/aitparlcHcaf  (a)  fta  (b)  He 

(15)  If  Itaa  14  la  plcaaa  aonwr  the  follewlagt 


Data  ctMplaiad  pilot  training  (a)  Fr»*aolo  (b)  Solo  __ 

Do  you,  or  have  you  avar  bald  a civilian  pllot'a  Uunaal  (c)  Yta 
Typa(d)  «f  civilian  plUt'a  Iteanaa  hcUi  (a)  . 

total  iteura  togged  In  civilian  aircraft:  (f) 


Approxlnata  data  of  neat  raeant  piloting  of  clvlilin  aircraft : (gV 
ty^M  of  civilian  aircraft  piloted  (b)  , 


(d)  Ho_ 


(Id)  Hava  you  aver  partlclpatad  aa  a aubjact  in  an  eaperiawnt  In  which  you  watt  aakad 
Co  track  a targat  or  lalntaln  a haadlng  ualng  vlaual  and/or  wotion  cuaal 

(a)  tea  ______  (b)  He  . (c>  Apptorlaata  data 

(year) 


If  aaawar  la  tea,  plaaaa  daacrtba  tba  taak  parforaai  la  tjM  aaparlMaatt 


(17)  Bn«  you  ovor  htd  oporotlonal  ond/or  Infonul  txporlonce  with  rtaouly  pilot 
wdklclMt  (p)  Too  (b>  ___ 

It  anmnt-^t  Too,  ploooo  doocribo  tho  taakt 


(U)  Do  you  hovo  oporotloool  oxporionco  piloting:  (o)  glldoco  t (h)  lootot 

(19)  In  tho  poat  ycor,  whot  poreontogo  of  your  flying  ttao  woo  opcnt  In  actual  woathoc 
coodltlout  (a)  opproxlaato  oorcontaao  t (b)  Aircraft  t 

(go)  lava  you  ovor  onpotloneod  tokiporary  confualono  In  latoiproclng  aircraft  at^itudo 
ladieatora  I (a)  Too  (b)  Ho 

If  OBawor  la  Too,  ploaao  doacrlba  asporlooco:  _ _ . 


(11)  Do  you  toad  to  got:  (a)  earalckt  (b)  atraickt  . - ...  (e)  aaaalekT  ^ 

QD  Am  youf  (a)  loft  haaAtdf  (h)  tight  haofadt  (e)  Mbidaatrowa? . 
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WVIGATORS 


NAME 

TELEPHONE  EXT 

SYHBQL 

<lj 

Last  First 

lank 

Ml 

(21  Date  of  birth 

(3)  Years  of  hisher  education 

(4) 

Oairoofs) 

(5)  Flald  of  Study 

(A) 

Duty  APSC 

(71  Title 

(8)  Job  Title 

(») 

Organisation 

(10)  Flying  sutut:  («)  Cod*  0«t«  ______ 

(11)  Noat  r*c*nt  aircraft  navigattd:  (a)  Type  of  aircraft  _______  (b)  Oat*  _______ 

(11)  Typaa  of  adlitary  aircraft  in  which  you  were  cheated  out: 

(•)  typa  of  Aircraft  (h)  Duty  AFSC  (e)  Crew  po*itioa(*}  (d)  ftying  (•)  i>o  of  (I)  iAifuetw 

H»ur»  Vaara  (Yas/Ko) 


(IS)  Duty  aircraft  in  erdar  of  proficiency  (hi^  to  low) : 

(a)  Typa  of  Aircraft  Crow  fealt ton*  (c)  taat  Y*tr  flew? 


(14)  Mato  you  0000  had  foraal  pilot  ttaining/ciparicneaf  (a)  Vet  . (b)  No 

(B)  tf  tiok  14  i*  Y^  pIcaM  aiisoar  th«  following: 

Oat*  ■illtary  pilot  traini<m  taninated  (a)  Froaoto  . . W Solo  _ 
Data  cioilian  pilot  traittittg  utainated  (c)  Ptotolo  ________  (d)  Solo  _ 

HHira  lagged  duriig  alt  training  (•)  Proaolo  . . (f)  Solo  


m 


NAVIGATORS  (Continued) 


(16)  Have  you  ever  had  informal  pilot  experience  (e.g.,  observation,  "back  seat," 
ground  simulator)?  (a)  Yes  (b)  No 


If  answer  is  Yes,  please  describe  the  experience: 


(17)  Have  you  ever  participated  as  a subject  in  an  experiment  in  which  you  were 
asked  to  track  a target  or  maintain  a heading  using  visual  and/or  motion 
cues?  (a)  Yes  (b)  No (c)  Approximate  date  ____ 

Year 

(IS)  Have  you  ever  had  operational  and/or  informal  experience  with  remotely  piloted 
vehicles?  (a)  Yes (b)  No 


If  answer  is  Yes,  please  describe  the  task: 


(19)  Do  you  have  operational  experience  piloting:  (a)  gliders?. 


(20)  Do  you  tend  to  get::  (a)  oarsickt, 

(21)  Are  you:  (a)  left  handed? 


(b)  airsick?, 

(b)  right  handed? 


(b)  boatst_ 

, (c)  seasick? 

(c)  ambidextrous?. 
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MOM-RATgP  OFFICERS 

MAMB  ttl«phon«  •xtenslon  _____  Symbol 

Lut  First  MI 

(I)  Rank (2)  Data  of  bltth  ______  (3)  Tfasrs  of  hlghsr  cduestlon  ____ 

(4)  Sttirsa(s)  (5)  Flsld  of  Study  

(6)  Duty  AFSC (7)  Tills (8)  Job  TitU 

(9)  Organisation  _____________________ 

(10)  Hava  you  avar  had  pilot  tsaining/axparloncal  (a)  Yaa  ___  (b)  No  _____ 

(II)  If  Itaa  10  ta  Yaa,  plaaaa  anavar  tha  folloulogt 

Data  military  pilot  training  tarminatad  (a)  Pra-aolo  _____  (b)  Solo  __ 
Bata  civilian  pilot  training  tarminatad  (c)  Pra-aolo  _____  (d)  Solo  . 
Voura  logged  during  all  training  (a)  Pra-aolo  (f)  Solo  

(12)  Hava  you  ever  had  Informal  pilot  axpariaaca  (a.g. • obaarvatioo»  "back  aaat"» 
ground  alaulator)t  (a)  Yea  _____  (b)  No  _____ 

If  anavar  la  Yaa,  plaaaa  daaertba  tha  aiparlancat  ______________ 


(13)  lava  you  aver  parttclpatad  at  a aubjaet  to  an  axparlmant  in  vhleh  you  vara 
aikad  to  track  a targat  or  maintain  a heading  using  vlaual  and/or  motion 
euaat  (a)  Yaa  ______  (b)  No  _____  (c)  Approsinata  data  ______ 

(vaar) 

Zf  aasMor  la  Yaa,  plaaaa  daactiba  tha  task  you  parfomtd  la  tha  awparlMott 


(14)  Nava  yviu  avar  had  oparational  and/or  iafotaal  tnoarlaaca  with  ramotaly  pilotad 
vahelliiat  U)  Yaa  . . (b)  No  . . .. 

Zf  aaawar  la  Yaa,  plaaaa  daaertba  tha  taabi 


(IS)  Do  you  have  oparational  aaporlanca  piloting:  (n)  alldarat  . (b)  bontat 

(It)  DO  you  taad  to  gati  (n)  cnral^t  ___  (b)  nlralekT  __  (e)  aaaatckT  __ 
(17)  AM  you:  (a)  laft  handadt  . (b)  rlgbt  bnndait  (e)  anbldnntrotint 


TABLE  34 
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Sutomary  of  Responses  to  Questionnaire 


Data  category 

Pilots 

Navigators 

Non-rated 

Age 

Mean 

34.5 

33.3 

31.2 

Median 

34.5 

33.5 

30.5 

Range 

• 

26-45 

25-44 

23-44 

Higher  Education 

Mean  (years) 

5.3 

5.4 

5.8 

Range 

4-7 

4-8 

4-8 

Degrees 

Bachelor 

9 

8 

4 

Masters 

11 

7 

11 

Ph.D. 

0 

1 

1 

Most  Recent  Flying 
Experience 

Mean  (months) 

5.97 

8.97 

Not  applicable 

Median 

3 

6 

Not  applicable 

Types  of  Aircraft 
Flown 

(n  « Ss  reporting) 

Trainers 

20 

8 

Not  applicable 

High  performance 

11 

2 

Not  applicable 

Multi-engine 

8 

21 

Not  applicabtl^ 

Helicopters 

1 

0 

Not  applicable 

Miscellaneous 

3 

0 

Not  applicable 

Highest  Proficiency 
(n  ■ Ss  reporting) 

Trainers 

8 

1 

Not  applicable 

High  performance 

6 

1 

Not  applicable 

Multi-engine 

5 

14 

Not  applicable 

Helicopters 

0 

0 

Not  applicable 

Miscellaneous 

1 

0 

Not  applicable 
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TABLE  34 

(cont'd) 

Data  category 

Pilots 

Navigators 

Non-rated 

Most  Recent  Experience 
(n  » Ss  Reporting) 

Trainers 

8 

4 

Not  applicable 

High  performance 

5 

1 

Not  applicable 

Multi-engine 

6 

11 

Not  applicable 

Helicopters 

0 

0 

Not  applicable 

Miscellaneous 

1 

0 

Not  applicable 

Total  Flying  Hours 

Mean 

2953 

2531 

Not  applicable 

Median 

2924 

2499 

Not  applicable 

Range 

350-5100 

620-5700 

Not  applicable 

Mean  Flying  Hours/ 
Aircraft 

Trainers 

1467 

344 

Not  applicable 

High  performance 

1200 

776 

Not  applicable 

Multi-engine 

1198 

1735 

Not  applicable 

Helicopters 

1350 

0 

Not  applicable 

Miscellaneous 

350 

0 

Not  applicable 

Years  of  Flying 
Experience 

Mean 

9.85 

8.1 

Not  applicable 

Median 

10.25 

7.25 

Not  applicable 

Range 

3-32 

2.5-10 

Not  applicable 

Civilian  Pilot 
Experience 

Yes 

13 

Not  applicable 

Not  applicable 

No 

7 

Not  applicable 

Not  applicable 

Mean  (hours) 

160 

Not  applicable 

Not  applicable 

Range  (hours) 

15-400 

Not  applicable 

Not  applicable 
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TABLE  34  (cont’d) 


Data  category 


Pilots  Navigators  Non-rated 


Civilian  Pilot  Training 
by  Non-pilots  Only 
(presolo  only) 


Yes  Not  applicable 
No  Not  applicable 
Mean  years  since 

training  Not  applicable 


Informal  Pilot 

Experience 

(l.e.g,  observation) 

Yes  Not  applicable 

No  Not  applicable 


Experience  in  Other 
Experiments 

Yes  2 

No  18 

Experience  with 
Remotely  Piloted 
Vehicles 

Yes  2 

No  18 

Experience  with 
Gliders  and/or 
Boats 


Gliders  3 
Boats  3 
Neither  15 

Motion  I .ness 
(n  “ Ss  reporting) 

Carsick  1 
Airsick  0 
Seasick  1 


4 

12 

9 


9 

7 


1 

15 


0 

16 


0 

5 

11 


0 

2 

1 


2 

14 

7 


5 

10 


2 

14 


2 

14 


0 

3 

13 


0 

2 

1 


Data  category 


Handedness 


Right  handed 
Left  handed 
Ambidextrous 


Flying  Time  In  Weather 
In  Last  Year 

Yes 

Mean  percent  time 

Confusions  vlth 
Indicators 


Yes 

No 


TABLE  34  (cont'd) 
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Pilots  Navigators  Non-rated 


19  15  15 

110 
0 0 1 


15  Not  applicable  Not  applicable 

24  Not  applicable  Not  applicable 


12 

8 


Not  applicable  Not  applicable 

Not  applicable  Not  applicable 


Appendix  F 

SUMMARY  OF  TOTAL  KUMBER  OF  TRIALS  AND  RESPONSES 
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Appendix  G 


INSTRUCTIONS  FOR  SESSION  1 

We  appreciate  your  acceptance  and  willingness  to  participate  as  a 
subject  in  this  experiment.  As  was  explained  to  you  earlier,  each 
subject  in  this  experiment  is  asked  to  be  present  for  five  sessions  on 
five  consecutive  days  for  approximately  a half  hour  each  day.  Since 
several  subjects  will  participate,  it  is  important  that  you  arrive  on 
time  for  each  session  so  that  other  subjects  need  not  wait  for  long 
periods.  It  is  recognized  that  unpredictable  circumstances  may  prevent 
you  from  reaching  the  Laboratory  on  time  or  may  require  that  you  miss 
a session.  If  either  of  t;hese  situations  arise,  please  call  this 
Laboratory  with  anticipation  so  that  your  session  may  be  rescheduled. 
Upon  completion  of  the  fifth  session  you  will  be  given  a briefing  on 
the  purposes  of  this  experiment.  Please  do  not  discuss  this  research 
with  other  personnel  until  it  has  been  completed,  as  they  may  be 
participants  at  a later  date.  It  is  anticipated  that  this  research  will 
be  completed  by  June. 

In  this  experiment  you  will  be  asked  to  conduct  control  activities 
to  maneuver  a remotely  piloted  vehicle  (or  RFV)  through  a specified 
course.  The  equipment  used  in  this  experiment  simulates  an  airborne 
control  station  containing  the  equiiunent  necessary  to  operate  an  RPV. 
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Included  In  this  flight  control  station  Is  a television  monitor,  side 
arm  control  stick,  and  other  equipment  necessary  to  maneuver  the  RFV. 

The  television  picture  you  will  see  simulates  the  scene  as  viewed  by  a 
television  camera  mounted  In  the  nose  of  the  RPV.  The  RPV,  and 
accordingly  the  television  image,  will  respond  to  the  commands  of  the 
control  stick.  When  the  stick  is  moved  to  the  right  or  left,  the  RFV 
will  bank  to  the  right  or  left  and  produce  a right  or  left  turn.  When 
the  stick  is  pulled  t^ack,  the  RPV  will  climb  and  you  will  notice  that 
the  horizon  on  the  TV  screen  will  move  down.  Finally,  when  the  stick  is 
pushed  forward,  the  RPV  will  dive  and  you  will  notice  a corresponding 
upward  movement  of  the  horizon  on  the  TV  screen.  Rate  of  change  in  t.he 
attitude  of  the  RPV  depends  on  the  proportion  of  control  stick 
displacement. 

In  this  experiment  your  task  will  be  to  fly  the  RPV  through  a 
specified  course.  You  will  observe  a series  of  sequential  targets  on 
the  TV  screen  as  you  follow  the  course  and  your  task  will  be  to  maintain 
each  target  In  your  field  o'f  view.  In  addition,  you  are  to  maintain  the 
horizon  as  level  as  possible  in  the  center  of  the  TV  screen.  As  you 
have  the  RPV  approach  and  fly  over  one  of  these  targets  you  will  note 
the  next  target  close  to  the  horizon.  Maneuver  the  RPV  so  that  this  new 
target  is  close  to  the  center  of  the  TV  screen  and  then  level  the  horizon 
so  that  it  is  also  in  the  center  of  the  screen.  Once  you  have  flown  the 
RPV  over  the  first  five  targets,  you  will  encounter  a series  of  target** 
like  signs  with  arrows.  These  arrows  indicate  that  you  must  continuously 
bank  the  RPV  to  the  left  until  you  reach  the  next  series  of  targets. 


202 

Fly  the  RPV  over  these  next  five  targets  as  you  did  the  first  five. 

Once  the  RPV  has  reached  the  final  target  you  will  be  given  a rest 
before  repeating  the  series. 

The  RPV  will  be  flown  at  approximately  150  knots  and  at  an  altitude 
not  to  exceed  1000  feet  or  less  than  180  feet.  If  the  RPV  reaches  an 
altitude  of  less  than  180  feet,  a flashing  light  above  the  altitude 
indicator  will  give  you  a warning  and  you  must  pitch  the  RPV  up  until 
the  light  is  off.  If  1000  feet  is  exceeded  the  warning  light  will 
remain  on  and  you  must  pitch  down  tmtil  the  light  is  off.  You  will 
probably  find  it  most  c(»fortable  to  fly  the  RPV  between  250  and  500 
feet. 

The  floor  switch  allows  you  to  connunicate  with  personnel  at  the 
experimenter  control  station.  If  you  wish  to  com»micate  with  the 
experixaenter,  or  respond  to  his  instructions,  press  the  switch  and 
proceed  %xith  the  communication  while  it  is  pressed.  Release  the  switch 
as  soon  as  you  have  finished  since  return  communications  cannot  be 
sccomplished  while  it  is  pressed. 

The  course  you  will  fly  will  be  demonstrsted  by  an  experimenter 
in  order  to  better  acquaint  you  with  the  experiment  and  required  task. 
Feel  free  to  ask  questionr  regarding  the  task  you  will  be  performing. 
After  the  destonstration  has  been  cot^xleted,  you  will  fly  the  RPV  in  the 
presence  of  m experimenter*  Again,  feel  free  to  ask  any  questions  you 
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Appendix  H 


PROCEDURES  FOR  O^UTING  TOLERANCE  LIMITS 

This  appendix  describes  the  procedures  used  for  determining  the 
tolerance  limits.  Obviously,  it  was  necessary  to  select  tolerance 
limit  values  prior  to  actual  experimentation.  These  values  would  then 
be  used  as  decision  criteria  on  all  experimental  blocks  and  on  coo^uter 
routines  to  extract  data  stored  on  magnetic  tape.  This  need  was 
satisfied  with  data  collected  in  the  preliminary  investigation  (see 
Appendix  A) . 

Briefly,  the  method  for  obtaining  tolerance  limits  was  simply  to 
conduct  a frequency  count  of  control  stick  activity  at  various  levels 
of  deflection,  the  data  were  obtained  from  both  the  lateral  and 
longitudinal  deflections,  which  as  indicated  earlier,  liad  been  recorded 
•every  .0$  sec.  Titus,  it  was  possible  to  cosqtute  the  percent  of  tltse 
that  the  subject  maintained  his  stick  at  or  within  preselected  levels 
of  deflection. 

The  procedures  for  obtaining  tolerance  limits  required  that 
certain  data  be  excluded  and  that  various  levels  of  deflection  be 
identified  for  the  frequency  count.  Excluded  was  all  tracking  data 
bactfcan  targats  5 and  6.  Also  excluded  was  the  activity  resulting  from 
tasponaea  to  experimental  trials.  Except  for  the  VO  condition,  data 
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representing  five  seconds  of  tracking  after  the  onset  of  a trial  (l.e., 
one  second  represented  the  visual  stimulus  duration,  one  second 
represented  the  return  of  motion  to  the  level  position,  plus  an  addi- 
tional three  seconds)  were  disregarded.  The  five  second  period  was  an 
approximation  of  the  average  time  required  for  subjc''.ts  to  null  the 
effects  of  a trial  stimulus.  Since  the .VO  condition  did  not  Include 
motion,  the  time  period  excluded  from  the  analysis  was  limited  to  four 
seconds. 

The  percent  of  time  that  the  subject  maintained  the  control  stick 
at  or  within  each  level  of  de; lection  was  computed  independexitly  for 
lateral  and  longitudinal  stick,  with  direction  pooled,  in  accordance 
with  the  following  equation: 


Percent  time  « 


Number  of  samples  at  or  below  level  X 
Total  number  of  samples 


X 100 


The  levels  selected  for  this  procedure  were:  15,  20,  25,  30,  40, 

50,  60,  70,  80,  90  percent  deflection  on  lateral  stick  and  4,  6,  8,  10, 
12,  14,  16,  20,  40,  60,  80  on  longitudinal  stick.  (The  difference  in 
levels  between  lateral  and  longitudinal  stick  s^s  due  to  the  amount  of 
activity  fcund  in  each.  Since  the  least  amount  was  found  bn  the  latter, 
it  was  necessary  to  select  a greater  number  of  values  at  the  lower  end.) 
The  next  step  was  to  select  a standard  value  in  the  tine  continuum  that 
would  be  representative  of  most  stick  activity,  but  still. allow  small 
deflections.  This  value  was  set  arbitrarily  at  75  percent.  Computation 
of  the  frequencies  on  the  preliminary  investigation  showed  that  the 
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average  lateral  stick  activity  was  at  or  below  ±20  percent  deflection 
75  percent  of  the  time.  Similarly,  longitudinal  stick  activity  was  at 
or  below  ±7  percent  75  percent  of  the  time.  **  The  difference  between 
these  two  is  understandable  since  most  of  the  tracking  corrections 
required  lateral  stick  deflections.  These  two  values  were  used  as 
decision  criteria  fci  presenting  the  subject  with  trials  in  the  experiment. 

The  above  procedure  was  repeated  on  data  collected  in  the  experiment. 
The  results,  presented  in  Figure  22,  show  that  the  tolerance  limits  were 
identical  to  those  found  in  the  preliminary  investigation.  Thus,  these 
two  values  (±20  percent  for  lateral  and  ±7  percent  for  longitudinal 
stick  deflections)  were  used  for  computing  the  performance  measures. 

It  could  be  argued  that  this  method  of  obtaining  computed  measures 
of  performance  would  result  in  a certain  amount  of  non-task  related 
variability.  This  variability  would  be  said  to  occur  in  cases  where 
the  onset  of  a response  actually  began  prior  to  the  point  where  stick 
deflection  crossed  the  tolerrnce  limit  (e.g.,  4 percent  lateral  stick 
deflection)  in  contrast  to  responses  that  began  precisely  at»  or  slightly 
above  the  tolerance  limit  (e.g.,  21  percent  lateral  stick  deflection). 


'^It  must  be  pointed  out  that  the  75  percent  value  was  not  selected 
on  the  basis  of  an  arbitrary  decision  alone.  A count  of  subject 
responses  obtained  from  the  stored  data  was  made  at  values  above  and 
below  7S  percent  (l.e.,  above  and  below  s20  percent  lateral  and  ± 7 per- 
cent longitudinal  stick).  By  setting  the  standard  value  too  high  (e.g,, 
85  percent)  some  legitimate  responses  were  not  retrieved  because  the 
maximum  stick  deflections  on  those  responses  were  relatively  low.  On 
the  other  hand«  by  setting  the  standard  value  too  low  (e. g.«  65  percent) « 
some  small  stick  deflections  occurring  prior  to  the  actual  responr^;? 
were  retrieved  as  responses.  The  standard  75  percent  represented  the 
value  tor  which  the  least  amount  of  data  was  lost  and  the  most  efficient 
in  identifying  and  retrieving  legitimate  responses. 
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Flguve  22.  Percent  time  spent  at  or  within  various  levels  of 
control  stick  deflection.  75  percent  represented  the  standard  used  to 
select  tolerance  limits  for  lateral  and  longitudinal  stick.  Thus  (see 
dashed  lines) » the  average  lateral  control  stick  activity  was  at  or 
below  20  percent  deflection  75  percent  of  the  time.  Similarly*  the 
average  longitudinal  control  stick  activity  was  at  or  below  7 percent 
deflection  75  percent  of  the  time. 


This  argument  was  refuted  on  the  basis  of  two  related  factors.  First* 
an  effort  was  made  by  the  experimenter  to  Insure  that  all  trials  be 
presented  to  the  subjects  in  accordance  with  the  decision  criteria 
discussed  In  the  Proct  res.  This  meant  that  the  control  stick  activity 
be  well  within  the  tolerance  limits,  if  not  at  aero  percent.  Data 
resulting  from  the  few  occasions  in  which  a trial  was  inadvertently 
presented  when  the  subject's  stick  was  above  the  tolerance  limit,  were 
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regarded  as  experimenter  error  and  were  not  included  in  the  analysis 
(see  Computed  Performance  Measures).  Secondly,  the  differences  that 
could  produce  variability  (e.g. , in  response  times)  due  to  this  method 
data  extraction  were  negligible  and  rarely  exceeded  .05  sec.  (l.e. , 
the  equivalent  of  one  sample). 

Another  method  of  determining  the  onset  of  a response  would  be  to 
measure  the  point  of  initial  control  stick  acceleration.  While  this 
method  could  result  in  greater  precision  in  determining  response  time 
than  the  one  used  in  this  experiment,  a requirement  for  bands  of 
allowable  tolerance  (i.e, , noise)  would  still  be  needed;  otherwise, 
accelerations  associated  with  small,  but  non-task  related,  stick 
deflections  would  be  identified  as  legitimate  responses. 
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F RATIOS  FROM  THE  ANALYSES  OF  VARIANCE  ON 
PROPORTIONS  OF  REVERSAL  ERRORS 
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Appendix  J 


F RATIOS  FROM  THE  ANALYSES  OF  VARIANCE  ON 


PROPORTIONS  OF  AXIS  ERRORS 
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